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Havine been for several years past engaged in the instruc- 
tion of persons designed for, or belonging to the Sea, I have 
frequently had occasion to lament that most of the existing 
Works on Practical Navigation, and particularly some that have 
been very generally circulated, are extremely erroneous, both in 
the instructive and tabular parts, and by no means calculated to 
answer all the purposes of the Mariner, Teacher, or Pupil. 

With a view to remedy these defects, and to facilitate the 
acquirement of this most important Art, and further stimulated 
by the flattering reception of my former labours, I have ventured 
to exert my best abilities in composing the present Work; and 
although I do not mean to arrogate to myself any superior pro- 
fessional merit, yet I humbly apprehend that my long experience, 
and intimate connection with the subject, have enabled me, in 
some measure, to form a competent judgment of what is most 
requisite to assist the industrious Mariner in acquiring a know- 
ledge of the practical part of Navigation. 

In order to accomplish my intended purpose as effectually 
as possible, I have examined, with the greatest attention and 

caution, the various publications that have been written on 
Navigation; and, placing them in a comparative point of view, 
have, I trust, been thence enabled to avoid the errors, and to 
improve the merits of those who have preceded me in this 
branch of Science. 

That nothing might be wanting to assist the student in his 
progress through the subject, I have commenced with a short 
Treatise on Decimal Arithmetic, the nature of which he will find 
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very necessary to be understood in going through the various 
computations that follow. In Geometry such definitions and 
problems only are introduced as appear most essential. Plane 
Trigonometry, both right and oblique-angled, being the found- 
ation of the Sailings, is treated of at considerable length. Next 
follows Geography, containing a description of the form and 
magnitude of the Earth, with its various real and imaginary 
divisions, and an explanation of the nature of Latitude and Lon- 
gitude. An account is then given of the Instruments used for 
measuring a Ship’s Way, with the manner of correcting their 
errors. ‘This finishes the introductory part to Navigation. 

We now proceed to the various Sailings, in which the 
examples are resolved by construction, calculation, inspection, 
and Gunter’s Scale; then follows a description of Charts, with 
the methods of using and constructing them. The art of sur- 
veying Coasts and Harbours, being very essential to those who 
visit unknown parts, is treated in a manner which it is hoped 
will make its acquisition and practice perfectly easy. 

We come next to the application of Astronomy to Naviga- 
tion; and here I have thought proper to give a short but com- 
prehensive view of the Solar System, where the Earth is consi- 
dered as a planet; and have then described the various imaginary 
circles of the Sphere. The nature of Parallax, Refraction, &c. 
is explained under this head. The theory of the Winds and 
Tides, with the methods of a BOING the Time of High Water, 
follow next in order. 

The most approved methods of ascertaining the Latitude 
and Longitude at Sea by Celestial Observations, also the variation 
of the Compass by Amplitudes and Azimuths, are explained by 
proper rules and examples: there is also given a particular 
description, with the uses, of the various astronomical Instru- 
ments employed in taking the Observations. In this part of the 
Work I have given Mr. Douwes’ Rules for computing the Lati- 
tude by two Altitudes of the Sun, and four different methods of 
clearing the distance; the last of which, invented by Captain 
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Mendoza Rios, has the advantage of not requiring any distinction 
of cases. The method of finding the Longitude by a Timekeeper 
being now much practised, the necessary rules and examples 
are introduced for that purpose. 

The learner is next led into the Rules for keeping a Journal 
at Sea, wherein are exhibited the methods of correcting the 
Courses for Leeway, Variation, &c. with general Rules for 
working a Day’s Work ; and the whole is illustrated by separate 
Day’s Works, and further, by a Journal kept from England to 
Madeira. 

With respect to the Tables in this Work, I have only to 
observe here, that they are published under the title of “Naztical 
Tables ;? have been very generally adopted by the Officers in 
the Navy, and in the Merchant Service; and have received 
the approbation of Navigators in general. 


In preparing for the press the sixth Edition of this Treatise, 
I was induced, from an earnest desire to render the Work still 
more useful, to revise the whole with the greatest care and 
circumspection. In doing this, I made considerable additions, 
particularly on the subject of determining the Latitude and 
Longitude by Celestial Observations. In the Rules for correcting 
the apparent Distance for the effect of Parallax and Refraction, 
I introduced a fifth method, which, with the assistance of a 
Set of Linear Tables, invented and published by me, is ren- 
dered one of the easiest and shortest that have been proposed. 
I also treated at considerable length on the use and manage- 
ment of Chronometers. with the method of examining and 
comparing their Rates; added several new Tables, and cor- 
rected the Latitudes and Longitudes of places according to the 
most modern and best authenticated observations: in short, 
having obtained the generous and valuable assistance of 
Mr. Grorce Coteman, F.R.A.S., and many years an Officer 
in the Service of the Honourable East India Company, who has 
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aided me in all subsequent Editions, have made many alterations 
and improvements that long experience and unremitted attention 
have suggested: I trust, therefore, that the “Complete Epitome 
of Practical Navigation” will continue to merit that approbation 
which it has always hitherto experienced, from a liberal and 
enlightened Public. J. W. NORIE. 

In the present edition, various improvements have been 
made to facilitate and simplify the many subjects it contains ; 
among which, has been shewn the method of determining the 
Latitude by an altitude of the Polar Star, examples being 
given in reference to the Rules, as stated in the Nautical 
Almanac for 1866 (vide pages 542-3), in which will be pies 
Rules, with an example on this subject. 

Examples are worked in this Edition, shewing how the 
variation of the compass by an azimuth may be obtained, by the 
sights taken for determining the Longitude by chronometer, 
(vide pp. 245 and 246.) 

A very concise and simple method of determining the 
Longitude by Lunar Observations, is inserted, being the shortest 
of any hitherto proposed, called “ Lyon’s Mrtruon IMpRoveEp :” 
it consists of Addition throughout, and is performed by Tables 
common to all Books on Navigation and Nautical Astronomy, 
except that which determines the third arc; the whole of the 
operation contained between the apparent distance and the true 
is obtained by three tables, and consists of eight lines only. 

GEORGE COLEMAN, F.R.A.S. 

This edition of the Epitome of Navigation (with the 
Examples it contains) has been carefully computed and adapted 
for the year 1866, in order that the learner may procure the 
Nautical Almanac for that year, and thereby be enabled to go 
through the various calculations inserted, with the assistance 
of that valuable and indispensable publication. 

The Table, (LVII.) shewing the times of High Water on 
Full and Change days of the Moon, &c., has been considerably 
enlarged, and inserted from the latest authorities to the present 
time. . ARTHUR B. MARTIN, F.R.AS. 
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For correcting the Logarithmic Difference when a Planet is 
ODSEE WON 65 PUN SGSEVi ea Wade nbs ode danvacenenbevereks cesoupsst¥ eee 283 
For correcting the Auxiliary Angle when a Planet is observed... 284 
For reducing the Equation of Time to any Time under the 
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For converting Foreign Measures into English Feet or Fathoms, 

and :the, CONtEALY .546s.s0Se0dceCosseenagnosconsecudestetpsubiwsyiutenante 286 


For finding the exact Greenwich Time corresponding to the true 
Lunar Distance 
For reducing the Moon’s horizontal Parallax and Semidiameter 
to any Time under the Meridian of Greenwich ..............0000 288 
Latitudes and Longitudes of the principal Places in the World. 289 
Times of: Higa) Water) ..cccssecdsccesccccitwcetsccsocscnsclvoccceves ecvee 352 
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EXPLANATION AND USE 


THE TABLES. 


TABLES I. anp II. 
- Difference of Latitude and Departure for Points and Degrees. 


THESE Tables are of very extensive use in Navigation, affording an easy 
and expeditious method of solving a!! problems in right-angled plane trigono- 
metry, and consequently applicable to the various sailings, but particularly 
useful in working a traverse, whence they obtain the name of T'raverse Tables. 

Table I. contains the difference of latitude and departure (in whole numbers 
and tenths), answering to distances not exceeding 300, and for courses to every 
quarter point of the compass. ‘Table II. is of the same nature and extent; but 
for courses consisting of whole degrees. The courses are set down at the top 
of the pages when they do not exceed 4 points or 45 degrees, and at the 
bottom when they are greater than these quantities: the distances are regularly 
arranged in the columns marked Dist. ; the first beginning at 1, and ending at 
60; the second beginning at 61, and ending at 120, and so on to 300: corre- 
sponding to each of these distances, the difference of latitude and departure are 
set down in adjoining columns, marked Lat. and Dep.: but it must be care- 
fully observed, that when the course is less than 4 points, or 45 degrees, these 
must be taken out as marked at the top, and when more, as noted at the bot- 
tom of the pages. 

Now, the difference of latitude and departure, answering to any given 
course and distance, being found opposite the distance in that page of the table 
which contains the course; if, therefore, any two of the four parts, viz. the 
course, distance, difference of latitude, and departure, be given, and those two 
be found together in the tables, the other two parts will be found in their 
respective places on the same page. In like manner, the parts of any right- 
angled plarie triangle may be found (provided two of them, exclusive of the 
right angle, be given),: by taking out the hypothenuse as a Distance, the per- 
pendicular in a Lat. column, the base in the Dep. column, and the angle oppo- 
site to it as acourse. Hence, when these tables are applied in parallel or middle 
latitude sailing, the co. lat. or co. mid. lat. is taken as a course, the departure 
or meridional distance is found in the Dep. column, and the difference of longi- - 
tude in the Dist. column: in Mercator’s sailing, the meridional difference of 
latitude is taken out in the Lad. column, and difference of longitude in the 
Dep. column. 

When any of the given parts (excepting the course, which is never to be 
multiplied or divided) exceed the limits of the table, any aliquot part, as a half, 
third, fourth, &c, is to be taken; and those found corresponding are to be 
doubled, trebled, &c., that is, multiplied by the same figure that the given 
number is divided by. 

mG 
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TABLE III. 
Meridional Parts. 


This table is used in resolving problems by Mercator s sailing, and in con- 
structing charts on Mercator’s projection. The meridional parts are to be taken 
out for the degrees answering to the given latitude at the top or bottom, and 
for the minutes at either side column. Thus, the meridional parts correspond- 


ing to the latitude 49° 57’ are 3470. 
TABLE III*. 


To correct the mean Refraction. 


The refractions contained in Table IV. being adapted to a mean state of the 
atmosphere, that is, when the thermometer stands at 50°, and the barometer at 
29.6 inches, if it deviate from this weight and temperature, and accuracy be 
required, it will be necessary, especially in low altitudes, to correct the mean 
refraction by the seconds contained in this table, which are to be taken out with 
the apparent altitude in the side column, and the heights of the thermometer 
and barometer at the top and bottom, to be added or subtracted as expressed at 
the top or bottom of the respective columns. 

ExamPve. Let the apparent altitude be 5°, the height of the thermometer 74°, 
and that of the barometer 30. 0 inches: required the true refraction. 

Mean refraction by Table IV. to 5° altitude ....ssessesseeses seveeeceeses 9 54" 


Correction for altitude 5°, and 74° height of thermometér..« — 33" 24 
Ditto for altitude 5°, and 30.0 height of barometer... + 9 f 


True. refraction required + gs. casscvbedvecdescdlebaescsbeise UE OU 


TABLE IV. 
Mean Refraction. 


This table contains the refraction of the heavenly bodies, in minutes and 
seconds, at a mean state of the atmosphere, and corresponding to their apparent 
altitudes. This correction is always to be subtracted from the apparent alti- 
tude of the object. Example. The mean refraction for the apparent altitude 
10° 50’, is 4’ 51”. 


TABLE V. 
Depression, or Dip of the Horizon. 


This correction arises from the elevation of the observer above the surface of 
the sea, whereby the visible horizon, or that seen by the observer, is below the 
true; and, consequently, altitudes taken with the quadrant are too great by a 
quantity to be taken out from this table, opposite the height of the observer's 
eye in feet, and to be subtracted from altitudes taken by a fore observation, but 
added to those taken by a back one. Example. The dip for 20 feet is 4’ 17” 


TABLE VI. 
The Sun’s Parallax in Altitude. 


This correction is to be taken out opposite the sun’s altitude, and is always 
additive. Example. The sun’s parallax corresponding to 50° of altitude, is 6”. 
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TABLE VII. 
The Moon’s Augmentation. 


The moon’s apparent horizontal semidiameter, as given in the Nautical 
Almanac, is to be increased by a number of seconds, called the augmentation, 
taken out from this table, answering nearest to his altitude, in order to give 
the true apparent semidiameter 


TABLE VIII. 
Dip of the Sea at different Distances from the Observer. 


When that part of the horizon immediately under the sun is obstructed by 
land, and the observer is nearer the shore than five or six miles, then, if the 
object be brought down to the line separating the sea and land, the dip will 
exceed that shewn in Table V., which is calculated for an open and unobstructed 
horizon, and will increase as the distance from the land diminishes. In this 
case, the.dip is to be taken from the present table, with the height of the eye 
at the top, and the distance estimated in miles in the side column, 


TABLE IX. 
To correct the observed Altitude of the Sun’s lower limb. 


This table is intended to simplify the usual method of correcting the observed 
altitude of the sun’s lower limb, when taken by a fore observation, by shewing 
the correction at once for the joint effect of the sun’s semidiameter, dip of the 
horizon, refraction, and parallax ; and us it does not extend to altitudes less 
than 5°, the least altitude at which observations can be depended on fer their 
accuracy, the corrections are always additive to the observed altitude of the sun’s 
lower limb. These corrections being computed to minutes and tenths, the 
tenths may easily be reduced to seconds by multiplying them by six. In this 
table the sun’s semidiameter is assumed at 16 minutes, and its variation from 
that quantity in each month of the year, given at the bottom of the table, is to 
be added to, or subtracted from, the correction found in the table, according as 
the sign + or — is prefixed to it.* 

The simplicity of this table will appear sufficiently obvious in the following 
Examples. 


Exampxe I. Suppose the observed altitude of the sun’s lower limb, by a fore 
observation, to be 49° 57’ 30”, in the month of May, and the height of the 
eye 20 feet: required the true altitude of the sun’s centre. 


Observed altitude of the sun’s lower limb .....ccccccccccscsseccesees 49° 57! 30! 
Correction to altitude 50°, and dip 20 feet ......cssesceceees 10.9 
Ditto for variation of sun’s semidiameter in May ...—0.2 
10.7=+ 10 42 


ean nltitnde of She S'S CONELA sc, - wrasccoacdacecuccecpescdevctecs 50 8 12 


* This table was computed by Mr. W. Galbraith, Teacher of Mathematics, at Edinburgh. 
who kindly presented it to the Author for insertion in the present Work. 


"AZ 


Ve EXPLANATION OF THE TABLES. 


Examp.e II. Let the observed altitude of the sun’s lower limb, taken in the 
month of February, be 12° 32’ 15”, and the height of the eye 14 feet: required 
the true altitude of the sun s centre 

Observed altitude of the sun’s lower limb ......... Ldeceigue Leacierse SU BO ee 


Correction to altitude 12° 30’ and dip 14 feet..........s+00. 8’.2 
Ditto for variation of sun’s semidiameter in February+0 . 2 


8.4=+ 8 24 


True altitude of the sun’s CeNtre....ecccsees vivbdiie's caucdwaaclehada Geren 


TABLE X. 
Sun’s Declination. 


The sun’s declination is given in this table in degrees and minutes for the 
years 1859, 1860, 186], and 1862, at noon on each day of the year under the 
meridian or Greenwich ; but will"answer for several subsequent years, by apply- 
ing the ccrrections from Table XII. The table is to be entered with the year 
and month at the top, and the day in either side column ; at the same time it is 
to be noted whether the declination be North or South, as expressed in each 
column. 


TABLE XI. 
To correct the Sun’s. Declination. 


As the sun’s declination in Table X. is adapted to the meridian of Green- 
wich, when the ship is considerably to the eastward or westward of that 
meridian, it should be corrected by a number of minutes taken from this Table 
(placed at the bottom of the first and second pages of Table X.) with the decli- 
nation at the top, and the nearest longitude in the side columns, to be added or 
subtracted, as directed at the head of the table. 


ExampPLe. Required the sun’s declination at noon on September 17th, 
1866, in longitude 108° West. | 


Sun’s declination, from Table X. (decreasing) .........ssesees sosee: 2°19! North, 
Correction for longitude 108°, Table X1., to be subtracted...... — 7 
Sun’s-trud declination... .ccsvessacsenessuacanenas@ee 2 10 North, 


TABLE XII. 


This table is intended to correct the sun’s declination given in Table X. for 
the change that takes place in periods of four years. The table is to be entered 
with the period of years in either of the side columns, and the month and 
nearest day at the top; the minutes of correction there found, are to be added 
to, or subtracted from, the declination taken from Table X., answering to the 
number of years, reckoning in periods of four years, prior to that of the given 
year, as denoted at the head of the column; that is, the correction is to be 
added when the declination is increasing, or subtracted when decreasing. 


ExamP_e. Required the sun’s declination at noon, on February 9th, 1874 
at the meridian of Greenwich. : 

The year 1874 being a period of 12 years after 1862 find the declination in 

Table X. for the given day in the year 1862, which is 11° 15’S. ; then enter 
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Table XII. under the month of February ; opposite the period of 12 years, and 
under the 19th day of the month, will be found the correction 2’, which is to be 
subtracted from the above declination 11° 15’ S., and the remainder 11° 13’ S. 
will be the required declination. 


TABLE XIII. 
The right Ascensions and Declinations of the principal Fixed Stars.* 


This table contains the mean right ascensions and declinations of 61 of the 
principal stars, computed for the beginning of the year 1860, with their annual 
variations in seconds and decimal parts of a second. If their places are required 
for any time subsequent to the year 1860, the annual variation both in right 
ascension and declination must be multiplied by the number of years and parts 
of a year elapsed since that time, and the product will be the variation from the 
beginning of 1860 to the given time. This variation must always be added to 
the right ascension for 1860 ; but the variation in declination is additive or 
subtractive according as the sign + or = is prefixed to the annual variation ; 
then the sum or remainder will be the right ascension and declination for sub- 
sequent years. But if the place of a star be required for any time preceding 
1860, the variation in right ascension must be subtracted from that in 
the table, and the variation in declination applied contrary to the sign set 
against it. 

Exampue. Required the right ascension and declination of the Star Arcturus 
in June 1870. | 


From the beginning of 1860 to June 1870 there are about 103 years. 


h. m. 8. 
Right ascension of Arcturus (in time) for January 1860............. 14 9 17 
Annual variation + 2s. 73, multiplied by 103, gives 28.66 = ... + 29 
Right ascension of Arcturus for June 1870 .......secesccsccecerscceee 14 9 46 

| ° ‘ a 

Declination of Arcturus for January 1860...............c00sceseeeeeees 19 54 47N,. 
Annual variation — 1892, multiplied by 10}, gives 198”.660r — 3 19 
Declination of Arcturas for June 1870 .............0000 cooeee sbescsoee 19 51 28N. 


TABLE XIV. 
. The Sun’s mean right Ascension. 


The sun’s mean right ascenSion, contained in this table, is to be taken out 
with the month at the top, and the day in eitherside column, It is sufficiently 
exact for ascertaining the time of an object’s passing the meridian, in order to 
obtain the latitude by its meridian altitude ; but when greater accuracy is 
necessary, recourse must be had to the Nautical Almanac, 


* The Stars in the several Constellations being usually designated by Greek characters, we 
here give the alphabet, with the names of the letters. 


a Alpha. e Epsilon. t Tota. vy Nu. po Rho. g Phi. 
B Beta. 5 Zeta. xc Kappa. é Xi. o Sigma. x Chi. 
y Gamma. 7 Eta. Lambda. o Omicron. + Tau. yp Psi. 


3 Delta. @ ‘Theta. pw Mu. we Pi; v Upsilon, w Omega. 
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TABLE XV. 
For correcting the observed Altitude of a fixed Star, to find the true Altitude. 


This table contains the correction in minutes and tenths to be subtracted 
from the observed altitude of a star, in order to obtain its true altitude; being 
she joint effect of refraction and dip of the horizon. 


Exampxx. Required the true altitude of a star, whose observed altitude is 
20° 30’; the height of the observer’s eye being 24 feet. 


Star’s Observedaltitudde 0b. bias ee etek aes lceetbedeacen OOP a mae 
Correction opposite to altitude 20°, and under 24 feet, 7’.3= — 7 18 


Star’s true altitude POCHANSSARESOSSSSHSSSSSHHOSSHSHSHHOSS SCHLOSS EHSEHHLHSS SHOHSEHS 20 22 42 


TABLE XVI. 


For reducing the Time of the Moon’s Passage over the Meridian of Greenwich, 
to the Time of its Passage over any other Meridian. 


The daily variation of the moon’s passing the meridian is the excess of time 
above 24 hours that elapses till her return to the same; and this is found by 
taking the difference between her passing the meridian of Greenwich on a given 
day (from Page IV. of the month in the Nautical Almanac) and the preceding, 
if the longitude of the place be east, or that and the following, if the longi- 
tude be west. 

Now as the moon is constantly advancing to the eastward in the heavens, she 
will therefore pass any meridian to the eastward of Greenwich sooner in the day, 
er a meridian to the westward later, than she does that of Greenwich, by a cer- 
tain number of minutes, which is to the daily variation as the given longitude 
of the place is to 360°; and on this principle the table is constructed. 

The table is to be entered with the daily variation to the nearest minute at 
the top, and the longitude of the place in the left side column; then the 
minutes corresponding to these being added to the time of the moon’s passing 
the meridian of Greenwich, if the longitude be west, or subtracted if east, the 
sum or remainder will be the time of her passing the meridian of the place in 
mean time. 


_Exampre. At what time will the moon pass the meridian of Calcutta, in 
longitude 88° 28’ E., on July 2d, 1866? 
Mean time of the moon’s passage over the meridian of Greenwich 


July 2d, by the Nautical Almanac .......-.e..cccececccecseccccees wes. | 16h. Om, 
Correction corresponding to daily variatior. 49m., and long. 88°28’ E. — 12 


Time of moon’s passing the meridian of Catcutta, July 2d ..ccccoosee 15 48 


TABLE XVI.* 
For finding the Time of High Water. 


This table is to be entered with the moon’s semidiameter, (taken from Page ITI 
of the month in the Nautical Almanac) or the nearest to it, at the top, and the 
time of the moon’s passage over the meridian, in one of the columns so titled: the 
correction thus found, which is the effect of the sun’s action, in accelerating or 
retarding the time of high water produced by the attraction of the moon, is to 
be applied to the time of the moon’s passage over the meridian, according as the 
sign + or — is prefixed to it. 
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TABLE XVII. 
For finding the Latitude by an Altitude of the Polar Star. 


This table is to be entered with the right ascension of the meridian at the 
time of observation ; the correction corresponding to which being added to, or 
subtracted from, the true altitude of the Polar Star, as denoted by the sign +- 
or —, the sum or remainder will give the latitude of the place of observation, 
which is always North. 

The table is calculated particularly for the years 1860, and 1870, but will 
serve with tolerable accuracy for several subsequent years ; the corrections may, 
however, be found for any other year, as follows: first reducing the right 
ascension and declination of the star, taken from Table XIII., to the given year. 

Find the difference between the right ascension of the meridian and the star’s 
right ascension: if the difference be more than 6 hours, and less than 12 hours, 
subtract it from 12 hours ; if it be more tnan 12 hours, and less than 18 hours, 
<ubtract 12 hours from it; if more than 18 hours, subtract it from 24 hours ; 
and the remainder, in each case, will be the star’s distance from the meridian 
in time, which reduce to degrees by Table XIX. Find the number of degrees 
at the top or bottom of Table II., as if it were a course, and the complement of 
the declination, in minutes, as a distance: corresponding to these, in the differ- 
ence of latitude column, will be the correction required in minutes ; this cor- 
rection added to the star’s true altitude, if the difference between the star’s 
right ascension and the right ascension of the meridian be more than 6 hours, 
and less than 18 hours, or otherwise subtracted, the result will be the latitude 
of the place of observation. 

ExamP.e. May 21, 1866, if the true altitude of the Polar Star be 50° 13’ at 
10h. 15m. apparent time past noon, what will be the latitude of the place of 
observation ? 

The right ascension of the Polar Star, in May, 1866, will be 1h. 9m. 52s., 
and the declination 88° 35’33”N. ; consequently the complement of the decli- 
nation 1°24’ 27”, or 84 minutes. 

The sun’s right ascension, May 21, (Table XIV.)+ ......scccesseeeeeee 3h. 51m, 


The time of observation ......ccsceseess dercarcdgaccnivese sdaeutias ee Sie scene!) LDBIS 
Right ascension of the meridian.........s0«- oe itipasstaaie sneua nha enbees: LAS 
Right ascension of the Polar Star ........ssccessseseees Secceececccsoeces Sopsosi 1h AO 
Difference eeertoarece eeeere @eeceesece eeeereereeeseeees CSS SSESTOSCHOSSSSSES EEG eeseeesEe * 12 56 


STEM GS cones acpdchkcicdtedchtudsdetagdess (ier éieeuaiotcritachuaneccakioeccsiet ene 12 0 


Polar Star’s distance from the meridian osecencscceeseesesceesesers( XIX.) O 56=14°, 


which taken as a course in Table II., and the co. declination 84 as a distance, 
give in the lat. column 82 minutes, or 19224 the correction, to be added to 
50° 13’, the star’s true altitude, because the above difference is between 6 and 
18 hours: hence the latitude will be 51° 35’ N. 


TABLE XVII.® 


Table XVII. being constructed on the principles of Plane Trigonometry, the 
latitude found by it requires a correction, especially in high latitudes, to be 
taken from this table, with the approximate latitude at the top, and the right 
ascension of the meridian in either side column. The corresponding minutes 


t The sun’s right ascension will be more correctly taken from the Nautical Almanac. 
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and tenths are always to be added to the approximate latitude deduced from 
the preceding table. 
TABLE XVIII. 


Corrections of the apparen: Altitudes of the Sun and Stars. 


This table contains the correction to be applied to the apparent altitude of 
the sun or a star, in order to obtain the true altitude, and is also used in 
ciearing distances from the effect of refraction and parailax ; the sun’s correc- 
tion being the refraction in altitude diminished by parallax, and the star’s cor- 
rection its refraction only: these are to be taken out with the apparent altitude 
of the object—Example. The sun’s correction, corresponding to the apparent 
altitude 10° 28’, is 4’ 53”, and the star’s correction for the same altitude is 5’ 1” 


TABLE XIX. 
For reducing Longitude into Time, and the contrary. 

This table is intended to facilitate the reduction of degrees, &c. of longitude 
into time, or of hours, &c. into longitude. The method of using it will best 
appear by inspecting the following examples. 

Exampce I. Required the time answering to 42° 13’ 42” of longitude. 


Time answering t0....ccccccooccccscccscescnccee 4279 O QO” is 2h. 48m. Os. Oth. 
Ditto to eeeeeceesercae eeseoeeoeeee eeeese 13 0 eee 52 0 
Ditto LO ccvcacpesscseasceccocecucence 42 eee ys 48 


Hence the time answering tO ..ccoccccssososeee 42 13 42 1... 2 48 54 48 


Examr te II. Required the degrees, &c. corresponding to 7h. 6m. 48s. 


Longitude corresponding tO .cccccccccsccscessesereseee Zh. 4m. Os. is 106° 0 
Ditto to Seeceseeeoesseeseseoesseeee 2 48 eee 42 


Hence the longitude corresponding to ......c..00888. ¢ 6 48 .. 106 42 


Longitude in degrees, &c. may be converted into time, and the contrary, 
independent of this table, by the following Rules :— 

Ist. ‘To convert degrees, &c. of longitude into time, multiply the longitude 
by 4, divide the degrees of the product by 60, and the quotient will be the 
hours, the remainder minutes, ne the other parts of the product seconds, &c. 
of the corresponding time. 

Examrce. Required the time corresponding to 42° 13’ 42” of longitude. 


42° 13’ 42" 
4 


60)168 54 48 
Zh. 48m. 54s. 48th. 


2d. To convert time into degrees, &c. Reduce the hours and minutes int 
sninutes, and divide by 4; then the quotient will be the degrees, minutes, &c. 
af the corresponding time. 

ExampLE Required the degrees, &c. corresponding to 7h. 6m. 48s. of time. 


7h. 6m, 48s, 
60 


4) 426m. 48s. 
106° 42" 


ee 
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TABLE XX. 
For finding the Distance of terrestrial Objects at Sea. 


When the eye is elevated above the surface of the adjacent land or water, we 
not only see the surrounding objects more distinctly, but also see those which 
are more remote the higher we advance. Now, although the irregularity of the 
surface of the land will not admit of any one rule that will give the distance to 
which objects may be seen at different elevations, yet at sea, where the curva- 
ture of the water is uniform, those distances may be easily computed by means 
of this table, in which the distances are exhibited in nautical miles and decimal 
parts, answering to the height of the eye, or that of the given remote object, 
allowance having been made for terrestrial refraction. 

ExampLe. Being at the mast head looking out for land, and elevated 130 
feet above the surface of the sea, I discovered the top of a light-house in the 
norizon, whose height above the level of the sea is known to be 300 feet: 
required my distance from the light-house. 


In the table opposite 130 feet is .......eseeeeeee dendisdtpoues davhgp ep Saesackt 13. 1 miles. 
Ditto BO LOCGAG ie iitn onct dss onen sieua pesaess pnetcsk «Fos peenas 19.9 
Sum gives the distance of the ship from the light-house ............06 33.0 


TABLE XXI. 


For reducing the Sun’s Declination to Noon at any given Meridian, and to any 
Time at the Meridian of Greennich. 


This table contains the corrections to be applied to the sun’s declination as 
given in the Nautical Almanac, which is computed for apparent or mean noon 
at Greenwich, when it is required for noon at any other meridian, or to any 
given time at the meridian of Greenwich: it is to be entered with the declina- 
tion for noon of tke given day, as found in Page I. or II. of the Nautical 
Almanac, at the top, and the longitude of the place, or time at Greenwich, in the 
side columns ; corresponding to these will be found the minutes and seconds to 
be applied to the above declination, by addition or subtraction, as directed at 
the head of the table; that is, when the declination is zncreasing, the correction 
is to be added in west longitude, but to be subtracted in east longitude, or 
to be added for Greenwich time; but when the declination is decreasing, the 
correction is to be subtracted in west longitude, but to be added in east longitude, 
or to be subtracted for Greenwich time. 

When the declination and longitude, or time at Greenwich, are not nearly 
found in the table, proportional parts may be used. 

When the given time at the meridian of Greenwich exceeds 12 hours, the 
correction must be taken out at twice, as in Example III. 

It must be observed, that this table is subject to an error of a few seconds, 
from the sun’s unequal motion in the ecliptic; but it is nevertheless in general 
sufficiently exact for observations taken at sea.* 

ExamPuzE I, Required the sun’s declination at apparent noon on Sept. 18th, 
1866, in longitude 105° 15’ West. 

Sun’s dec. at apparent noon, by Page I. N. A. (decreasing)... 1° 51f 47" N, 
Correction for loagitude 105° 15! W. ....cccccccceeeee Reshsecsne as - — 6 51 


Sun’s declination when passing the meridian of the given place 1 44 56 N. 


* When the sun’s declination or right ascension is required to the nearest second, the 
proportional part of the daily variation may be readily found by logarithms, See Explana- 
- tion and Use of Table XX XIII. *B 
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Examp.e II. Required the sun’s declination on June 2d, 1866, at 4h. 24m, 
apparent time at Greenwich. 
Sun’s dec. June 2, at app. noon, by Page I. N. A. (increasing). 22° Il’ 52”N. 
Correction for 4h, 24m. MOVALENE ELMO | o¢00c densi dacose saceaasteees (er~ ot ae eee 
Sun’s declination at Greenwich time .....se0+0+. Seccsdssddnevaless GD (UO WeaeLEES 


ExamPte III. Required the sun’s declination, Oct. 17th, 1866, at 15h. 36m, 
mean time at Greenwich. 
Sun’s declination, Oct. 17, at mean noon, by Page II. of ASE 9° 16’ 28” 8. 


Nautical Almanac (increasing) ........-esse0s senves cocevctetear 
Correction for 12 hours...... + 10’ 54” 1atan 
Ditto for 3h. 36m eeeoeved + 3 16 eeeeeeeeeeeeteeseseoe + 


Sun’s declination at Greenwich time ....ccccccccosscscceccesesenee 9 80 38S, 


It will sometimes happen, when the sun is near the Equinoxes, that the cor- 
rection for longitude, or Greenwich time, will exceed the declination: in this 
case, if the correction be subtractive, the declination is to be taken from it, and 
the remainder will be the reduced declination, of a contrary name to that taken 
from the Almanac. 

ExampLeE [V. What will be the sun’s declination on March 20th, 1866. at 
2lh. 48m. mean time at Greenwich ? 

Sun’s declination, March 20, at mean noon, by Fate? II-. go 7 417g 
of the Nautical Almanac (decreasing) Bop sis couneenceaen : 


Correction for 12 hours...... 11! 46” 21 23 
Ditto: for Ohi dSinc. 19 BT Ge ee 


eee 


Sun’s declination at Greenwich time ...-...cccccseseesces’ sovvee O 13 42 N. 
TABLE XXII. 
For reducing the Sun’s Right Ascension to any Time at the Meridian 
of Greenwich.. 


By this table the sun’s right ascension, taken out for noon of the given day, 
from Page I. or II. of the Nautical Almanac, according as the given time is 
apparent or mean, may be reduced to any given time at the meridian of Green- 
wich. It is to be entered with the right ascension at the top, and the Greenwich 
time in one of the side columns ; the correction corresponding to the time being 
always added to the right ascension at the preceding noon: the sum will be the 
sun’s right ascension at Greenwich time. 

Exampve I, Required the sun’s right ascension, May 9th, 1866, at 5h. 36m. 
apparent time at Greenwich. 


Sun s right ascen. May 9, at app. noon, by Page I. of the N. A. ... 3b.4m.3ls. 
Correction for 5h. 6m... ok. en et chnentnn amen + 54 


Sun's right ascension at Greenwich time ....cccccccccceseccescccceceseese OD 5 2H 


Exampe.eE II. What will be the sun’s right ascension on October 10th, 1866, 
at 10h. 50m. mean time at Greenwich? 


Sun’s right ascen. Oct. 10, at mean noon, by Page II. of the N.A... 13h. 2m. 28s. 
Correction for 10h. 5Um. OOOO COSC COSC OE TOSCO OOS PESO OE SES CESSES OOEOOD OOS SES + 1 39 


Sun’s right ascension at Greenwich time de 2 OOeesereccoesevececses 13 4 7 


EXPLANATION OF THE TABLES. X1. 


Examp e III. Required the sun’s right ascension on July 13th, 1866, at 
14h. 10m. mean time at Greenwich. 


Sun’s right ascension, July 13th, at mean nvon, by Page II. ; 7h. 29m. 8s 


EUG IVAUTICAL AIMANAC § 0... cccesn-asscc0sgs oncsocacnseccassoness 
Correction for 12 hours...... + 2m. ls. 2 93 
Ditto 2h. 10m....... Be an Gicu tere rey + 
Sun’s right ascension at Greenwich time .......... Coccccescoorge PS Ba) | 


TABLE XXIII. 


Logarithmic Sines, Tangents, and Secants, &c. to every Point and Quarter- Point 
of the Compass. 


This table is useful when the logarithmic sine, tangent, or secant of a ship’s 
course is required to points, or quarter-points, of the compass : it is tu be entered 
with the points in the left side column, when they do not exceed 4, and the 
names at the top; but when they are above that quantity, the points are to 
be taken from the right side column, and the names frem the bottom. 


EXAMPLES. 
PEMOMOL BING OF BD HOMES IS ¢. J.ds ches cases secede sesnssdee 9.744739 
The log. tangent of 6 points is ....cccccccssescsccoscccces 10. 382776 


TABLE XXIV. 
Logarithms of Numbers. 


This table contains the decimal parts of the logarithms of numbers to six 
places of figures ; but as in most of the calculations which occur in navigation, 
five places are sufficient, it must be observed, that when the sixth figure is 
omitted, if it be 5 or above, the preceding or fifth is to be increased by 1; 
thus the logarithm . 966986, when taken out to five places only, will be .96699. 

A logarithm consists of two parts, which are separated by a point ; that on 
the left hand of the point is called the zmdex ; the figures on the right hand are 
the decimal part ; and as it is the latter only that is inserted in the table, the 
index must be supplied according to the following rules :-— 

The index of a logarithm ts always one less than the number of figures in the 
whole number: hence the index of 125 is 2, being one less than the number of 
figures contained in 125; also 2 is the index of 162.5; for although here are 
four figures, yet only three of them belong to the whole number, the .5 being 
a decimal figure. Jf the natural number consist of decimal figures only, the 
index is 9 lessened by the number of ciphers before the first decimal figure: 
thus the index of .0051 is 7, being 9 lessened by 2, the number of ciphers 
before the first decimal figure ; the index of .00025 is 6, because there are 
three ciphers before the first decimal figure. 


To find the Logarithm of a natural Number. 


If the number consist of one or two figures only. Enter the first page of the 
table, and in one of the columns marked No. look for the given number ; 
opposite to this, in the column marked Log., will be found the logarithm required, 
to which prefix the index according to the above directions: thus the logarithm 
of 56 is found to be 1. 748188, the logarithm of 94 is 1.973128, and of .0025 
is 7.397940 a gh 


xii. EXPLANATION OF THE TABLES. 


If the number consist of three figures. Find the given number in the Jeft- 
hand column of the table, and opposite, in the column marked 0 at the top or 
bottom, will be the logarithm required, to which prefix the index as before : 
thus the log. of 295 is 2.469822, of 1.76 is 0. 245513, and of .0542 is 8. 733999. 

When the number consists of four figures. Look for the first three figures in 
the left side column (without attending to the decimal point, if there be any), 
and opposite to these, in the column marked with the fourth figure at the top or 
bottom, is the logarithm required: thus the logarithm of 1246 is 3.095518, of 
17.95 is 1.254064, and of .2678 is 9. 427811. 

If the numbcr consist of five or more figures. Find the logarithm of the first 
four figures, as before directed ; then multiply the number found opposite in 
the right-hand column under diff. (which is the difference between two adjacent 
logarithms) by the remaining figures; point off from the product as many 
figures from the right as the multiplier consists of, and those remaining being 
added to the logarithm of the first four figures, the sum will be the logarithm 
required, to which prefix the index. If the figures pointed off to the right hand 
exceed a half, the unit figure of the remainder is to be increased by one.— 
Example. Required the logarithm of 25047. First look in the left side column 
for 250; opposite to this, in the column with 4 at the top, is the logarithm 
398634, and in the right side co.umn the diff. 173 ; this multiplied by 7, the 
fifth figure, gives 1211 ; from which cut off the last figure, and the remainder 
121 added to 398634 will give, with the index prefixed, 4. 398755, the logarithm 
required. In this manner the logarithm of 598765 will be found 5.777256. 


To find the natural Number corresponding to a given Logarithm. 


If the number be required only to four figures. Look in the table for the 
logarithm nearest to that given, opposite to which will be found the first three 
figures in the left side column, and the fourth figure at the top or bottom ; the 
decimal point is then to be placed so that the whole number may contain one 
figure more than that expressed by the index. Suppose, for example, the natural 
number corresponding to the logarithm 2.326929 be required: the nearest 
logarithm to this is 326950, opposite to which is 212 in the left column, and 
3 at the top, which, placed after the first three figures, and the decimal point 
fixed according to the index, will give 212.3, the natural number required, 

If the number be required to five or more figures. Find the logarithm next 
ess to the given one, which will give the first four figures; then take the 
lifference between that and the given logarithm, to which annex as many 
‘iphers as there are figures wanted above four; divide this by the difference 
‘ound opposite the nearest less logarithm, and the quotient will be the remain- 
ing figures required. 

For example—To find the natural number corresponding to the logarithm 
4.478309 to five figures: the nearest less logarithm is 478278, answering to the 
number 3008, and the difference between that and the given logarithm is 31] ; 
to this annex a eipher, and divide by the difference 145, the quotient will 
be 2; therefore the number required is 30082. In the same way the natural 
number corresponding to the logarithm 5. 497646 to six figures is 314518. 

When the given logarithm consists of only five places of figures, add a cipher 
to the fifth figure, and proceed as before. 

If the number required is to consist altogether of decimal figures, the same 
method must be used to obtain it as shewn above ; only observe that 9 ciphers 
lessened by the value of the index are to be prefixed to the number found. 
Thus the number answering to the logarithm 7.819083 is .006593. 


EXPLANATION OF THE TABLES. XillL. 


To find the Arithmetical Complement of a Logarithm. 


The arithmetical complement of a logarithm is the number it wants of 
10. 000000 or 20. 000000 ; and the easiest way to find it is, beginning at the 
left hand, to subtract every figure from 9, except the last significant figure, 
which is to be taken from 10; but if the index exceed 9, it is to be taken from 
19. Thus the arithmetical complement of 4.478309 is 5.521691, and of 
10. 935547 is 9. 064453: it is frequently used in the Rule of Proportion, and 
trigonometrical calculations, to change subtractions into additions. 

Here follow a few examples to further illustrate the preceding rules. 


Nat. Num. Logarithms. Logarithms. Nat. Num. 

Given 56 to find 1.748188 Given 1.369772 to find 23.43 

179 ... 0.252853 2.456366... 286. 9 

98.76 .... 1.994581 3.567439... 3693.5 

§96.84 .... 2.775858 9.876542... - 75256 

36875 .... 9.566732 5.123562... 132911 

156795 =... 39 55. 195838 4.397625 ... 24981.9 
TABLE XXV. 


Logarithmic Sines, Tangents, and Secants. 


This table contains the logarithmic, or, as they are sometimes called, the 
artificial sines, tangents, and secants, to each degree and minute of the quadrant, 
with their complements or co-sines, co-tangents, and co-secants, to six places 
of figures, besides the index ; but it may be observed, as of the last table, that 
five places being generally sufficient in the common practice of navigation, when 
the sixth is omitted, and it is 5 or above, the preceding or fifth figure is to be 
increased by a unit. 


To find the Logarithmic Sine, Co-sine, &c. of any given Are in Degrees 
and Minutes. 


If the given degrees be under 45, they are to be taken from the top, and the 
minutes from the left side column ; opposite to which, in that column with the 
name of the logarithm at top, will be found the required logarithm. But if the 
degrees be more than 45, they will be found at the bottom of the page, and the 
minutes in the right side column ; likewise the name of the logarithm is to be 
taken from the bottom of the page. 

When the given degrees exceed 90, they are to be subtracted from 180 
degrees, and the logarithm of the remainder taken out, as before. Or the 
logarithmic sine, tangent, &c. of an are more than 90 is the logarithmic co-sine, 
co-tangent, &c. of its excess above 90 degrees. 


7 EXAMPLES. 
° , Log. to 6 places. Log. to 5 places. 
Required the log. sine of ses... 36 32 ... 9.774729... 9.77478 


CO-GING Of cc ocweacsecsss 61 18 ... 9.681443 ... 9.68144 
tangent Of cscccceceree G4. 17 Si710. 143263" »... 9 10.14826 
co-tangent Of .....6. - 42 50. ... 10.032877. ... 10.03288 
BOCANG OL coh nes cecsce due 1G. 22 eux, 1O0955 19-5... 10. 02552 
Co-secant. Of ....cescccas TO | Dk iene 610. 025519... 50s 10, 02552 
BING Of ...<.0~ mee weby oy 5 108 36 

Or Gi OF fibde stabi cene 71. 247-..... 92976702 .... 9.97670 

{i GCOENINIG /OLi cs cssoadeantac 18 36 


Fo find the Arc in Degrees and Minutes nearest corresponding to a given 
Logarithmic Sine, Co-sine, &c. 
Look in the column marked at the top or bottom with the name of the given 
logarithm, and, when the nearest to it is found, the corresponding degrees and 


XiVe EXPLANATION OF THE TABLES, 


minutes will be those required ; observing that, when the name is at the top of 
the column, the degrees are to be taken from the top, and the minutes trom the 
left side column ; but if the name be at the bottom, the corresponding degrees 
wul be there likewise, and the minutes in the right side column. 


Kixampes. Required the arcs in degrees and minutes corresponding to the 


Log. sine.......0000 9.265390 ... 10° 37’ 
GO-SINC deonsscened bse. A PLOAUL. coset gO. oO 
Tangent cccccccoccee 9.70156 ... 26 42 
Secant ...ccccccccee - 10.25413 ... 56 9 


The arcs to logarithmic sines, &c. taken out to degrees and minutes only, are 
in general sufficiently accurate; but in some of the more rigid astronomical 
calculations, such as clearing the distance in lunar observations, rating chrono- 
meters, &c. it is frequently necessary to take them out to the nearest second: 
when this is the case, they are to be found in the following manner. 


To find the Logarithmic Sine, Tangent, Secant, &c. answering to an Arc 
of any given Number of Degrees, Minutes, and Seconds. 


Find the log. sine, &c. answering to the given degrees and minutes, as above, 
and take out from the proper column the difference of the adjacent logarithms 
to 100 seconds (marked at the top Diff. or D.) ; multiply this difference by the 
given seconds, and point off the two right-hand figures in the product ; then 
those remaining being added to the log. sine, tangent, or secant of the given 
degrees and minutes, or subtracted from the log. co-sine, co-tangent, or co-secant, 
will give the logarithm required. 

The differences to the sines and co-sines are set down on the right of their 
respective columns: the differences to the tangents and co-tangents, being the 
same, are placed between them ; and the differences to the secants and co-secants, 
being the same as those to the co-sines and sines, are to be taken from the 
columns corresponding to the latter. 

Examp.e I. Required the log. sine of 32°21’ 45”, 


The logarithmic sine of 32° 21! is.......cecescecsesee cece sdadocccsoccencas, 9) of MCaHE. 

The difference corresponding to the log. sine of the given degrees 
and minutes is 3323 this multiplied by 45 (the number tt + 149 
seconds) pointing off two figures, 18....ccccccccvecccsscccsccccsscescses 


9.728576 


Sum is the log. sine required SSSHESSSSSHSHESSSESSSSHHSSESHHSSSSESSESESSEEESEE 


Examp.e II. Required the log. co-sine of 71° 40’ 25”. 


The logarithmic co-sine of 71° 40! is ......secccesccscssececseeee soveccee 9. 497682 
The difference corresponding to the log. co-sine of the given — 159 
degrees and minutes is 686 ; this, multiplied by 25, gives ...... 


Remainder is the log. co-sine required.......sccecceseecees aebonceciseces © Ste Oem 
Examp.eE III. Required the log. tangent of 56° 42’ 20”. 
The logarithmic tangent of 56° 42’ is .........sescseseseoes cccccscscsecee 10. 182516 


The corresponding difference 459, multiplied by 20, gives ......0 + 92 


Sum gives the log. tangent required .......0+. Sewuswnee ccccccccccsceeces 10. 182608 


ExamP_eE IV. Required the log. co-secant of 65° 187 23 ’. 


The logarithmic co-secant of 65° 18! is ......eeseeeees seccccccccccccecee §10,041671 
The difference corresponding to the sine of the given degrees and 22 
minutes is 97, which, multiplied by 23, gives ...ccccccccsseccseoee J 


. Remainder is the log. co-secant TEQUITE...ccccccccccecceee eoececcesooe 10. 041649 


EXPLANATIGN OF THE TABLES. XV. 


The logarithmic sines and tangents varying by great differences near the 
beginning and end of the quadrant, it has been thought proper, for the sake of 
accuracy, to give them for the first and second degrees to every 10 seconds, with 
their differences between the columns of sines and tangents: when, therefore. 
the log. sine or tangent of an arc less than 2 degrees be required to the nearest 
second, it is to be taken out to the next less tenth second, and the opposite 
difference multiplied by the unit seconds; then the product, cutting off one 
figure to the right, is to be added as before. As the sine and tangent of an are 
is the co-sine and co-tangent of the complement of that arc, the latter may be 
found when above 88 degrees in a similar way, taking the degrees from the 
bottom, and the minutes and nearest less tenth second from the right side column, 
and observing to subtract the proportional part. 


Fxamp_eE V. Required the log sine of 1° 14’ 43”. 


The logarithmic sine of 1° 14! 40” is......cccececccsccsececssesseessessesee 8.930819 
The corresponding diff. 968, multiplied by 3, gives......csecccccsseeee + 290 


Sum is the log. sine required .......cccccccocccccceccsscveccscscccssseccosese 8.57109 


ExamPte VI. Required the log. co-sine of 89° 21’ 25”, 


The logarithmic co-sine of 89°21’ 20” is ....... cocessesas sccscscccscecess 9.051054 
The corresponding diff. 1876, multiplied by 5, gives .....sseccccccsere — 9838 


Kemainder is the log. co-sine required ......seccesessssesecsecceccsscesees 8. OSO01IG 


To find the Degrees, Minutes, and Seconds of an Arc, answering to a given 
Logarithmic Sine, Co-sine, &c. 


Find the logarithm next less to the given one, if it be a sine, tangent, or 
secant, or next greater, if a co-sine, co-tangent, or co-secant, and note the corre- 
ee degrees and minutes; then take the difference between the logarithm 
thus found and the given one, to which add two ciphers, and divide that number 
by the difference of 100”: the quotient will be the seconds to be annexed to the 
degrees and minutes before found. 


ExampLe I Required the degrees, minutes, and seconds corresponding to 
the log. sine 9. 695476. 


The log. sine next less to that given is 9. 695450, answering to 29° 44’; the 
difference between this logarithm and the given one is 26, which, with two 
ciphers added, makes 2600, and this divided by 368, the difference to 100”, 
gives the quotient 7” to be annexed to 29° 44’: hence 29° 44’ 7” are the required 
degrees, minutes, and seconds. 


ExamP te II. Required the degrees, minutes, and seconds answering to the 
0g. co-sine 9.566797. 


The log. co-sine next greater to that given is 9. 566951, to which answers 
68°21’; the difference between this logarithm and the given one is 154, which, 
with two ciphers added, makes 15400; this divided by 531, the difference to 
100”, gives the quotient 29” to be annexed to 68°21’: hence 68° 21’ 29” are 
the required degrees, minutes, and seconds. 

But if the logarithm next less or greater than the given one should be found 
in the first six pages of the table, it will point out the degrees, minutes, and 
nearest less tenth second ; then, to find the unit seconds, annex but one cipher 


to the difference found as before, and divide by the difference in the column 
marked Diff. 


V1. EXPLANATION OF THE TABLES. _ 


f£xamPuE. Required the degrees, minutes, and seconds answering to the log 
sine 8. 421604. 


Here the next less logarithm is 8. 421123, answering to 1°30’ 40”: now the 
difference between this log. and the given one, with one cipher annexed, is 
4810, which, divided by the difference 798, gives 6”; hence 1° 30’ 46” are the 
degrees, &c. required. 


TABLE XXVI. 


Natural Sines. 


In this table the natural sines are exhibited to every degree and minute of 
the quadrant, and arranged so that the degrees corresponding to the sines are 
to be taken from the top of the page, with their minutes in the left side columns ; 
and the degrees answering to the co-sines, from the bottom, with their minutes 
in the right side columns: moreover, as they are given to six places of figures, 
the same rule with respect to the fifth figure must be observed when five only 
are required, as mentioned in the explanation of the two preceding tables. 

The natural sine or co-sine of any number of degrees, &c. more than 90, is 
the same as the natural sine or co-sine of its supplement, found by subtracting 
them from 180°; or the natural sine or co-sine of an arc greater than 90°, is 
the natural co-sine or sine of its excess above 90°. 


To find the Natural Sine or Co-sine of a given Arc to any Number of Degr ees; 


Minutes, ‘and Seconds ; 


Or, lo find the Degrees, Minutes, and Seconds of an Arc, corresponding to a 
given Natural Sine or Co-sine. 


These are to be found as directed for the logarithmic sines, &c., except that 
the differences to 100” are to be taken from the bottom of that column contain. 
ing the given degrees in the former case, or the nearest natural sine or co-sine 
in the latter. 


Example I. Required the natural sine of 32° 21’ 45”, or its suppleme) t 
147° 38’ 15”. 


The natural sine of 32° Dis 22, ..dsissenescnvavadassecsehsGneakvuybasteeene 535090 
The difference at the bottom of the column ie the natural 
sine of the given degrees and minutes is 409; this multiplied by} + 184 
45, pointing off two figures in the PTOMUCE, GIVES ..ccccceccccccoveeee - 


Sum is the natural sine required ......seccscsessercesvecsecsevecccesceseseese DGD274 


Examp Le II, Required the natural co-sine of 71° 40/ 25”, or 108° 19’ 35”. 


The natural co-sine of 71° 40F 18 .cisccsosssccsresevsccossdeusntsasaasegeemes 314545 
The difference 460, multiplied by 25, pointing off two figures, gives — 115 


Remainder is the natural co-sine required ...+..sesreesesseeeessereesavors 314430 


Exampte III. Required the degrees, sabihs tee and seconds answering to the 
natural sine 495994. 


The natural sine next less to that given is 495964, answering to 29° 44’; the 
difference between this natural sine and the given one is 30, to which twe 
ciphers being added, and that divided by 422, the difference at the bottom of 
the column, gives the quotient 7” to be annexed to 29° 44’: hence 29° 44’ 7”, 
or its supplement 150° 15’ 53”, are the degrees, &c. required. 


EXPLANATION OF THE TABLES. xVH. 


Exampue IV. Required the degrees, minutes, and seconds answering to the 
yatural co-sine 368805. 

The natural co-sine next greater to that given is 368936, to which answer 
68° 21’; the difference between this natural sine and the given one is 131, to 
which two ciphers being added, and that divided by 451, the difference found 
at the bottom of the column, gives the quotient 29”. Hence 68° 21’ 29”, or its 
supplement 111°38’ 31”, are the degrees, &c. required. 


TABLES XXVII. XXVIII. XXIX. 
Logarithmic Solar Tables. 


These tables are calculated expressly for the purpose of finding the latitude 
by two altitudes of the sun and the elapsed time; but the last is applied to 
several other problems in nautical astronomy. 

These tables are to be entered with the hour at the top of the page, the 
minutes in the left-hand column, and nearest less fifth second at the top of the 
respective columns. The proportional parts for the remaining seconds are to be 
taken from the right-hand marginal columns, frem those opposite to the 
] garithms taken from the body of the table: hence the time answering to the 
given logarithm, and the contrary, may be readily found to the nearest second, 
as will appear obvious by the following examples. 


Exampe.e I. Required the logarithm answering to the half-elapsed time 
lh. 29m. 20s. 


In Table XXVII., and in the page with 1 hour at the top, opposite 29 
minutes, and in the column marked with 20* at the top, will be found 0. 42022, 


the logarithm required. 
' Exampte II. Required the log. half-elapsed time answering to lh. 17m. 28s 


The log. half-elapsed time (Table XXVII.) answering to lh. 17m. 25s.is 0.47964 
Proportional part for the remaining 3s., subtractive, because the loga-) __ 27 
rithms are decreasing.......... eresézcere eocecesccccccocs eecccccccece ercccceccccces 


The log. half-elapsed time corresponding to Lh. 17m, 288, .....seccseseoeeee 0.47937 


Examp te III. Required the time answering to the log. middle time 4.92784. 


Log. middle time next less (Table XXVIII.) corresponding to 4.92765 
lh. 40m. 10s. is eeecer eeeeeseeeosee eeeeoee ecoeeseecese eeeeeeseseooe @eeeesosseeseeeseeereos . ry 
Given log. middle LUN ssaccecedicaustecese eeeece SPHSHSSSSSOSHSSSSSSHHSHESHTETESHTESESEEEES 4, 92784 


19 


Difference SOHSHOHHHTOES SHS SSEFOS ESOS EOSESED SOHHHETSHSHSSEHS SSH ESEHHOSESESES SOR SE0E9 eeanees 


In the column of proportional parts opposite the nearest less log., the number 
20 being the nearest to 19, the above difference, gives ¥s.: hence the middle 
time required is lh. 40m. 13s. 


Exampce IV. Required the log. rising of 2h. 55m. 43s. 


The log. rising of 2h. 55m, 40s. (Table XXIX.) is ...,.......0seeeee coccsscee =, 44682 
The proportional part for 3 seconds, found in the right-hand pre: 
; . + 23 
nearly opposite the above log. WS ccccccccccwacccscsceccee Peeeeeeeerssesereeseesee 
Hence the log. rising of Bh. 55mi. 43s. 000s... ioe e sec secccscnuccsceucuecseses 4.44685 


*C¢ 


Xviil. EXPLANATION OF THE TABLES. 


Exampe V. Required the time corresponding to the log. rising 4. 73494. 


The given log. rising i8 ...cccccccscsecsese ceeds. suns vachepeedas sistas: aakvvarmeta 4, 73494 
The log. rising next less, corresponding to 4h. Llm. 15s. iS ....seseeeeeees 4, 73188 


Difference SOSOSSCHEHSSHSSSSHHSSEHSHSSOHSSEH HSS EHHHSHSESHHSEHTOSHSEHOESEEEE eeesrseersesaree 6 


In the right-hand column, opposite the above log., the nearest proportiona. 
part is 5, which gives 1 second: this added to 4h. 11m. 15s., the time answering 
to the next less log., gives 4h. 11m. 16s., the time required. 

It is necessary to notice, that the indices in these tables sometimes change in 
the columns where they could not be inserted, for want of room ; this may, how- 
ever, easily be known by observing that the first figure of the decimal part of the 
logarithms change from 9 to 0; for instance, the log. rising of Oh. 32m. 25s. is 
2.99942, but that of Oh. 32m. 30s. is 3.00164. This change of the indices is 
also pointed out by both indices being shewn as a fraction in the left side 
column of the logarithms, as, in this instance, by 2. 


Examp.e VI. Required the log. rising of lh. 43m. 24s 


The log. rising of 1h. 43m. 208, 184. occscdecee cecsuctevcsssscosacsasecasounese esse | 3.99972 

The proportional part for 4 seconds, found in the right-hand column 56 
nearly opposite the above log., i8.......ceseceseees neseesscabeccccs Seseeecncesons 

Hence the log. rising of lh. 43m. 24s. is eevecece Soceesesscesescoosere eocenee eco 4. 00028 


In these tables, the logarithms for the first ten minutes of time varying by 
great differences, the proportional parts for the intermediate seconds could not be 
inserted: they must, therefore, if required, be found by the Rule of Proportion 


TABLE XXX. 
Correction of the Moon’s apparent Altitude. 


This table, which is placed on left-hand pages, contains the correction to 
be added to the moon’s apparent altitude in order to obtain the true, being the 
parallax in altitude lessened by refraction, the former of which makes the moon 
appear lower, and the latter higher, than her true place: this correction is like- 
wise used in reducing the moon’s apparent distance from the sun, a star, or 
planet, to the true. The table is to be entered with the moon’s apparent 
altitude to the nearest less tenth minute in the left side column, and the 
minutes of horizontal parallax at the top; the parts for the unit minutes of 
altitude may be found at the bottom of the first page, but are to be taken from 
the right-hand columns of the other pages, observing that when the altitude is 
less than 10 degrees, to take the parts out with the nearest less tenth minute 
of altitude at the side, and the unit minutes at the top. The parts answering 
to seconds of parallax are to be taken from the right-hand part of the table, 
entitled at the top “ Add for Sec. of Par.”, in that compartment where the first 
correction was taken, opposite the nearest less tenth second, and under the unit 
seconds. ‘These parts are both additive. 


Exampte I. Required the correction corresponding to the moon’s apparent 
altitude 33° 44’, and horizontal parallax 56/57”. 


Correction for moon's altitude 33° 40’, and horizontal parallax 56’.... 45" 1” 
Parts for 4’ of moon’s altitude ........cccsnassesccesessass dep ensak igs uneptnaeeeen + 8 
Ditto for 57" of horizontal parallay cic .ccayeacecsguvagarnaeuawediera tine waet - + 48 


Movn’s correction required .......... okateavadinauaes sacseprosnase cere cosceose 45 57 
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Examp.e II. Let the moon’s apparent altitude be 8°36’, and horizontal 
parallax 53’ 40” ; required the corresponding correction. 


Correction for moon’s altitude 8° 30’, and horizontal parallax 53’...... 46’ 17” 
DUPRMITOE AT Oi TKOOIT B HICICHOG, cdctcenedecate sucess cep thasadcepsvencs oode iivusees + 3 
Mette ai). OL Her teorital PATAllAx* sasiasucdéaccescscacececcntenanscaeseeeses + 40 
Moon’s correction required .......... etivechcasecdisad taenus stood bctectecessts” as @ 


Examp te III. Required the moon’s correction answering to the ayparent 
altitude 64° 20’, and horizontal parallax 61’ 16”. 


Correction for moon’s altitude 64° 20’, and horizontal parallax 61’ ... 25’ 48” 


Parts for 0’ of moon’s altitude .......esseeees Seazannadenandaets ake: cab ddtceat + 10 
Ditto for 16” of horizontal parallax ........+.06 Shscupeoscegane pawaeeatecke ~~ + 7 
Moon’s correction required.......0. inwedicustadabenasng¥Toeveredy dae dl caves esoee 26. SG 


The correction of the moon’s apparent altitude may be found independent of 
this table, by adding together the log secant of the apparent altitude (rejecting 
10 in the index) and the proportional logarithm (XX XIV.) of the horizontal 
parallax ; the sum of these will be the proportional logarithm of the parallax in 
altitude, from which subtract the refraction (taken from Table IV.) answering 
to the apparent altitude, and the remainder will be the moon’s correction. 

The first example will be thus worked :— 


Moon’s apparent altitude.......c..sseee oll Lg CE eR Secant...... 0. 0801 
Moon’s horizontal parallax ..... avbeie’ TG RE eR ney - Prop. Log. 0.4998 
Moon’s parallax in altitude......0.-- 47! 22” ....0. se. Prop. Log. 0.5799 
Refraction (Table IV.)..........04. asponiien ki oo 
Moon’s correction... .... axiunduvenes + 45 57 


TABLE XXX.* 


Auxiliary Ares. 


This Table of Auxiliary Arcs is employed in finding the true distance by 
Method L. ; and as it is arranged similar to Table XXX., it is placed on the 
right-hand pages, opposite to the same arguments as in that table. 

The arcs are to be taken out with the moon’s apparent altitude to the next 
less tenth minute in the left side column, opposite to which, in the column with 
the minutes of the moon’s horizontal parallax at the top, will be found a corre- 
sponding are in minutes and seconds, to which always prefix 60°; the parts for 
the unit minutes of the moon’s apparent altitude are found at the bottom of the 
page, and for the seconds of parallax in the right-hand part of the table, similar 
to those in Table XXX. A correction for the sun or star’s altitude is to be 
taken from the marginal column on the right hand; but when the distance 
of the moon from a planet is observed, the correction is to be taken from Table L. 
All these corrections are additive. 

ExamPteE I. Required the auxiliary are corresponding to the moon’s apparent 
altitude 33° 44’, the moon’s ittantal: parallax 56°57”, and the sun’s apparent 
altitude 10°. 

Arc corresponding to alt. 33°40’, and horizontal parallax 56’...... 60° 16’ 59” 


Pasta tor $ of moon’ ew altitudessn.iscse<discostacsscéocdovess Siege seeeeues : + 2 
Dvir iat Ag 7)  DOTIZONLAl PArBllAak ~ccdsicesccaseccepeisvccsadavepanes ° + 19 
Ditto for sun’s apparent altitude 10°............. ec veccescccccasessccces + 2 


Auxiliary arc POMUITUUIG, covcdes secees a4a¥e SOC CS eee eSF eee ESSeFHeeeeeeeeseee 60 17 92 


wi Gee 
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Eximpce II. Required the auxiliary arc corresponding to the moon’s 
apparent altitude 8°36’, the moon’s horizontal parallax 53’ 40”, and a star's 
apparent altitude 10°. 

Arc corresponding to moon’s alt. 8° 30’, and hor. parallax 53’ ... 60° 3 37” 


Parts for.6 of moon’ s sltitude. «cove caccacc cass vosatnos tances czaentie + 3 
Ditto for 40” of horizontal parallax ......ccccsccscesssescesesccescee: " ¢ 4 
Dittu for star’s altitude 10°.........00)  .eccccceees se qohudnon’d tenes On oo + 1 
Auxiliary arc required ......cccccccecreccecccosercees eaxaeoein<teapaeee soscat GOV) Bu MG 


Exameue III. Required the auxiliary are corresponding to the moon’s 
ajiparent altitude 48°37’, the moon’s horizontal parallax 58/32”, a planets 
apparent altitude 21°, and horizontal parallax 18”. : 

Arc corresponding to moon’s alt, 48° 30’, and hor. parallax 58’... 60° 24’ 4” 


Parts for 7’ of moon’s altitude ....+.....066 padhewananessaevslni Seupa nine + 68 
Ditto. for'32” of horizontal parallax s.iccticesescococstcentesstosswese + 14 
Ditto for planet’s altitude 21°, and hor. parallax 18” (Table L. Diet + 4 
Auxiliary arc required....... bcpensensseeccenscees sovescccccsceesccsecsons 60 24 25 


TABLES XXXI. XXXII. 
Logarithms for finding the Apparent Time or Horary Angle. 


The logarithms in these tables are intended to facilitate the computation of 
time, deduced from the altitude of a celestial object ; they are arranged in the 
same manner as those in Tables XXVII., XXVIII, and XXIX.., oat therefure 


their corresponding times are to be found in the same manner as a those tables. 


Examp.e. Required the time corresponding to the logarithm 9. 24864. 


The given logarithm .....sesscecsesssssensnnesere sesenanaeeseessesseeneeserces 9. 24864 
The logarithm in the table next less to the above, ee ane ee: 

Sh. 19m. 10S. iS .srcocecreescevtecseccccscccece eo cccvecedecescoccecs ecceccccece ate 
Difference *eeeeeeteeseseeseseeeeesesesees eeeeee eereee SOSSCSOSSSHSSHSSSSESSESESHSESEDSE 14 


in the column of ‘Proportional parts opposite the nearest less logarithm, the 
difference 14 gives 2s.; therefore the time corresponding to the given logarithm 
is 3h. 19m. 12s. 


TABLE XXXIII. 


Logarithms for finding the Correction to reduce the Sun’s Declination, Right 
Ascension, §c. to any Time under the Meridian of Greenwich. 


By this table the proportional part of the daily change of the sun’s declina- 
tion, right ascension, or any other elements that are given in the Nautical 
Almanac, for intervals of 24 hours, may be found to the nearest second. ‘The 
numbers at the head of the columns may be considered either as hours, degrees, 
or minutes, and those in the side columns must be taken as minutes or seconds 
accordingly. 

To find the proportional part corresponding to any given time at Greenwich, 

add together the logs. of the daily variation and of the Greenwich time; their 
sum will be the log. of the proportional part of the change in 24 hours, to be 
taken in the same manner as the daily change is found: this proportional part 
added to, or subtracted from, the declination, &c. at the preceding noon, accord- 
ing as it is increasing or decreasing, the result will be the declination, &e at 
the given Greenwich time. 
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Examr se I. Required the Sun’s declination and right ascension on Oct. 17th, 
1866, at 15h. 36m., mean time at Greenwich. 


Sun’s declination, Oct. 17, by Page II.of Naut.Alm. 9° 16’ 41”S. 
Ditto, Oct. 18, by Ditto iota Ol. HOR a + SERS. 


Daily variation or change in 24 hours increasing)... 21 55 ...Log. 0.0394 
Greenwich mean time ... erccsec-secrorccscsvcoeseree-cee 16h. 36m. ...Log. 0 1871 


+° 14 15°*...Log. 0.2265 


Variation or change in 15h. 36m......... 


Sun’s declination, Oct. 17, by Page IL. of Naut.Alm, 9 16 41 S. | —— 
Ditto at Greenwich mean time .....2..0.0... 9 30 £56 S, 


Sun’s right ascension, Oct. 17, by Page II. Naut.Alm. 13h. 28m. 29s. 
Ditto, Oct. 18, by Ditto eéveesd LB... Bebe 14 


Daily variation or change in 24 hours (increasing)... 3 45 ...Log. 0.8062 
Greenwich mean time ssececccsseccscsee-secececseosveeese 15h. 36m. ...Log. 0.1871 


Variation or change in 15h. 36m.........0.ceccccecoeee +h, 2m. 26s*...Log. 0.9933 
Sun’s right ascension, Oct-17, by PageII.ofNaut.Alm. 13 28 29 


ooo 


Ditto, at Greenwich mean time...... 13 30 55 


Exampe II. Required the right ascension and declination of the Planet 
Venus, on June 29, 1866, at 11h. 48m. mean time at Greenwich. 
Venus’s right ascen., June29, by Page 265,Naut.Alm. 8h. 46m. 36s. 


Ditto, June30, by Ditto we) 8 Sly” 29 
Daily variation or change in 24 hours (increasing)... 4 853 ...Log. 0.6915 
Greenwich Mean time eccccccrccsccccssccrcccesces-cooe Lh. 48m. ...Log. 0.3083 
Variation or change in 11h. 48m,  .s..ccccereseeeseeres +h. 2m. 24s....*Log. 0.9998 
Venus’s right ascen. ,June 29, by Page265,Naut.Alm. 8 46 36 

Ditto, at Greenwich mean time........... 8 49 00 
Venus’s declin., June 29, by Page 265, Naut. Alm. 19° 47’ 487 N. 

Ditto, June 30, by Ditto eh 22h 30° N, 
Daily variation or change in 24 hours (decreasing).. 19 18 .,..Log. 0.0947 
Greenwich mean time .......seseeeees hame<Bhdee 0 vdiaiae s - dIlh. 48m. ...Log. 0.3083 
Variation or change in 11h. 48m. ........sseeeeeeees - —° 9 29”*...Log. 0.4030 


Venus’s declin. June 29, by Page 265, Naut. Alm. 19 47 48 N. 


—_—- 


Ditto, at Greenwich mean time........... 19 38 19 N, 


TABLE XXXIV. 
Proportional Logarithms. 


These logarithms were first calculated by Dr. Maskelyne, in order to facilitate 
the operation of finding the time at Greenwich, by comparing the observed 
distance between the moon and the sun, a star, or a planet, when reduced te 
the true, with those set down in the Nautical Almanac, for every third hour of 
Greenwich time; and are likewise frequently applied in other calculations where 
sexagesimals are concerned. ‘The Table is to be entered either with degrees 


* Or (if preferred) the proportional part of change in declination and right ascension of the 
sun and planet may be computed by the hourly variation, as given in the Nautical Almanac, 
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and minutes, or hours and minutes, at the top, and seconds in either side 
column. Thus the proportional logarithm of 0© 15’ 36”, or Oh. 15m. 36s 
is 1. 0621. 

Proportion by logarithms being performed by adding together the arithmetical 
complement of the logarithm of the first term* to the logarithm of the second 
and third terms, rejecting 10 from the index; this table may therefore be 
readily applied in finding the fourth term of a proportion in sexagesimals ; as 
we shall shew in the following examples. 


Exampte I. Suppose the sun’s altitude to decrease 51’ in 16m, 23s. of time, 
how much will it decrease in 8m. 6s. ? 


As 16m. 23s......00. Prop. Log. (Arith. Comp.)......00 8.9591 

1s tO) Bris OS. etins Props Logi as acstescaipeoskerssasevs . 1.3468 

So is. 0) Bl ...sccie. Prop-- Lig Weestecosess: peceuseudcecteny: Care ra 
To decrease of alt. 25! 13’...Prop. Log. ..sccccceees vediéssGiouae hts Sees 


Exampxe II. Let the altitude of the moon’s upper limb, observed at 
3h. 28m. 44s. be 20°3’, and 20° 45’ when taken at 3h. 38m. 20s. ; required its 
altitude at 3h. 33m. 47s. 

n.m. s. hm. s i 


Time at first alt... 3 28 44 ‘Time at first alt. 3 28 44 Firstalt.... 20 3 
Time at second alt. 3 38 20 Time at req. alt. 3 33 47 Secondalt.. 20 45 


ee — a 


Dithaeee sates 9 36 Diff, <<5, 04s 5 3 Dif. Caz 
As Onis’ 36S.7.....0 Prop. Log. (Arith. Comp.).......0 8.7270 
Is\to (Hane abvne-csee Prop. Log. ..cecsscsceccevecvacceeses - 1.5520 
Sori 42 ol. OF. is oc00s Prop. LO g05 50. sense ecnvaties ose) ©6 6320 
To increase of alt. + 22’ 6”...... Prop. Liog, <2.:25: Sie chease goteces ies ob 


First observed alt.20 3 0 


20 25. 6 Altitude of moon’s upper limb at 3h. 33m. 47s. 


TABLE XXXV. 
To correct the apparent Distance. 


This table contains a correction applied in reducing the apparent to the true 
distance by the approximate methods. It is to be entered with the distance at 
the top or bottom, and the moon’s correction in altitude and in distance (or 
second correction) alternately, in the left side column; the difference between the 
numbers of seconds thus taken out, is to be added to the corrected distance when 
less than 90°, or subtracted when above. 


Exampve. Required the correction corresponding to the distance 70°, the 
moon’s correction in altitude 36’, and the moon’s correction in distance 13”. 


In the column with 70- at the top, and opposite 36’ in the side column, is 
found 4” ; again, in the same column, opposite 13/ in the side column, stands 1”; 
the difference of these two numbers vf seconds, viz. 3”, is to be added to the 
corrected distance, because it is less than 90°. 

This table is somewhat altered from the original when the distance is above 
90° (the seconds being the complement to 20 of those formerly given), in order 
to adapt it to an easy and general method of clearing the distance, by Joseph 


* The arithmetical complement of a propo: tional logarithm is found by subtracting it from 
10. 0600. 
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de Mendoza Rios, F.R.S. When his method is used, the seconds are to 
be taken out with the apparent distance at the top or bottom, and the moon’s 
correction and difference of corrections in the side column. 


TABLE XXXVI. 
Natural Versed and Suversed Sines. 


In this table, which is calculated to radius 1.000000, the degrees are given 
at the top of the pages from 0° to 89° and from 90° to 180° at the bottom. To 
each degree there are three columns, marked versed, parts for ”, and swvers., 
being abbreviations of natural versed sines, proportional parts for seconds of a 
degree, and supplementary natural vers d sines, or suversed sines. In the left 
columns of the pages are the minutes of the arcs between 0° and 89°, beginning 
from the top ; they also represent seconds im taking out the proportional! parts of 
the versed sines. In the right columns of the pages are the minutes for arcs 
between 90° and 180°, beginning from the bottom; and they also represent 
seconds, in taking out proportional parts for suversed sines.* 


To find the Natural Versed Sine of a given Arc to the nearest Second. 
Find the natural versed sine, in the column of versed, corresponding to the 
given degrees and minutes, to which add the parts taken from the column 
of parts for ”, belonging to the given degree, opposite the seconds in the left 
column, and the sum will be the natural versed sine required. When the given 
arc exceeds 180°, it is to be subtracted from 360°, and the natural versed sine 
of the remainder will be that required. 
Examp te I. Required the natural versed sine of 65° 14’ 46”. 
Under 65° in column of versed, and opposite 14’ in the Jeft column, is .... .581076 
Under 65° in column of parts for ”, and opposite 46” in the Jeft column, is 203 


Sum is the natural versed sine of 65° 14’ 46” required.......ssscssesrssssssesene » DS1279 


ExampeE II. Required the natural versed sine of 142° 38’ 39”, (or 
217° 21’ mL” ye 
Above 142° in column of versed, and opposite 38’ in right column, is... 1.794768 
Above 142° in column of parts for ”, and opposite 39” in deft column, is 116 


Sum is the natural versed sine of 142° 38’ 39” (or 217° 21' 21”) required 1.794884 


Lo find the Arc in Degrees, Minutes, and Seconds, corresponding to a given 
Natural Versed Sine. 

{In one of the columns of versed find the natural versed sine next less to the 
given one, and the corresponding degrees and minutes will be those required. 
Subtract this natural versed sine from the given one, and opposite the remainder 
taken in the column of parts for ”, belonging to the degree already found, will 
be the seconds required in the /efé column. 


Exampte I. Required the arc in degrees, minutes, and seconds, correspond- 
ing to the natural versed sine 049925. 


The given natural versed sine is ........ wseccenconespseeccccscccocerscesesregeosces - 049925 
The nearest less natural versed sine is found under 18°, and opposite 10’ 
: P . 049846 
in the left column, being .....-.cecscceseeere sedevesssancke paby seve carsbWease=sabe 
Difference eeereeeeeces ereoeeereeesecees Seeceeeeeten 79 


* This table is arranged similar to one in Mr. Riddle’s Navigation, where only the last 
five decimal figures are inserted. ; 
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This difference 79 being found in the column of parts for ”, under 18°, cor- 
responds to 51” in the left column; therefore the arc required is 18° 10’51”. 


Exampte II. Required the are to the nearest second corresponding to the 
natural versed sine 1.790977. 3 


The given: natural. versed sind, 18:.c.sa.csysisessentovsdesoncdseessboshieceses tuseval) | had Tae 
The nearest less natural versed sine is found above 142°, and opposite } 1. 790868 
16’ in the right column, being.......c.cccccereseceees secceee deogudependnone 6 cnRAEm 


Difference eercee seercerve Seeerceoeseseeereeeceeese 109 


The difference 110 being found in the column of parts for ”, above 142°, cor- 
responds to 37” in the /eft column: hence the required arc is 142° 16’ 37”. 


This table is used in clearing the apparent distance of the moon from the 
sun, a star, or a planet, by Method I. in this Work, where only the last jive 
decimal figures are taken out; but as the true distance never differs much more 
than a degree from the apparent distance, the figures omitted can never lead | 
to error in discriminating to which degree the true distance belongs. 


ExampLe. Suppose the apparent distance to be about 74° and the true 
distance corresponding to the sum of the last five figures of the natural versed 
sines 15359 be required: 


The given sum of the five last figures of natural versed sintes is ....s.00 eeeeee 15359 
Under 73°, in the column of versed, and opposite 27’ in the /eft column, is... 15148 


DilFervenc@cce icc (ieeccceecesccadeteeaeace eeeeerteee 21 1 


The difference 210 in the column of parts for ”, -.nder 73°, corresponds to 45” 
in the left column; therefore the true distance would be 73° 27 45”. 


The same figures would also correspond to the arc 162° 26’ 12”; bat that 
cannot be the true distance, as it differs so many degrees from the apparent 
distance: hence no mistake can arise by employing only the last five figures. 


To find the Natural Suversed Sine of a given Arc to the nearest Second. 


Add 1 minute to the given arc, and take out the natural suversed sine of 
the degrees and minutes from the proper column ; but the parts for seconds will 
be found opposite the given seconds in the right column, and are to be added to 
the tied suversed sine of the degrees and minutes. 


Examp.e I. Required the natural suversed sine of 25° 19’ 12”. 


Under 25° in column of suvers., and opposite 20’ in left column, is...... 1.903834 
Under 25° in column of parts for ", and opposite 12” in right column, is 101 


Sum is the natural suversed sine of 25° 19/ 12” required........000. 1.903935 


ExamP_e II. Required the natural suversed sine of 164° 18 27”. 


Above 164° in column of swvers., and opposite 19’ in right column, is ...... .037230 
Above 164° in column of parts for “, and opposite 27” in right column, is 43 


Sum is the,natural suversed sine of 164° 18’ 27” required ............ .037273 
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TABLE XXXVII. 
For reducing Sidereal to Mean Solar Time. 

This table is to be entered with the hours, minutes, and seconds of sidereal 
time, corresponding to which are the minutes, seconds, and hundredths of the- 
acceleration of sidereal on mean time, the parts of which being taken out, and 
their sum subtracted from the given sidereal time, will convert the same into 
mean solar time. 

ExampPue. Required the mean solar time corresponding to 8h. 25m. 42s. of 
sidereal time. 
Sh. of sidereal time gives ......sseceeseeeeee oes Im. 18. 64s. 


20m. See eeseecorsecseoreers eeeecessreeerese eceece eereccee 3. 28 
5m. “@eeescce SOCHCSeSSSSEseseeseeseeese Seeeesseeseesesescece 0. 82 
40s. eeeeeeoee Peesceeestesteeeseoseses seeeseeeeeeesee @eetoce 0. 1] 


2s SOSOSSOSTTOSHSHHSS COSSSHHEHSHOHSHSTSHS HEH SHETEOSEOS SOS 0. 0] 


Acceleration of sidereal on mean time... — ] 22.86 
Given sidereal CliINnGs coloc ence ee @eeeeoeoeese seo 8h. 95 42, 


Mean solar time required .......sseeeseeees 8 24 . 19. \4 


This table is useful when the time of a celestial object’s transit over the 
meridian is noted by a sidereal clock, and it is required to find the corresponding 
mean time. 


TABLE XXXVIII. 


For reducing mean Solar Time to Sidereal Time. 

The minutes, seconds, and hundredths in the table are to be taken out in the 
same manner as those in the preceding table, and their parts added to the given 
mean time. 

ExaMPLe. Required the sidereal time corresponding to the interval 
2h. 42m. 50s. measured in mean solar time. 


2h. of mean solar time give ......sccceee ee Om. 19. 71s. 
Mier acecorabiscesucudusisesdeosbstecedeseseveegues 6.57 

Mllls. sdecarsocssccetsceceantusaccessacacdsccesoces 0. 33 
PUMP o Cc PeencdcacantPuectccddede hes sanscesccetecee 0.14 
Given mean solar time ......ccccecececeeese 2h. 42 50 
Required sidereal time........cesseccosseceee 2 43 6.75 


If double altitudes of a star be taken to determine the latitude, the elapsed 
time, measured by a chronometer or watch, is to be reduced to sidereal time, as 
above ; then the computation will be the same as that for finding the latitude 
by double altitudes of the sun. ; 


TABLE XXXIX. 


Logarithmic Difference. 


The logarithms in this table are applied in several methods of reducing the 
apparent to the true distance. They are to be taken out with the given degree 
of the moon’s apparent altitude at the top, and the nearest less tenth second of 
horizontal parallax in the left side column. The proportional part for the minutes 
of altitude, which is subtractive, is found by multiplying the difference to 100 

- minutes, taken out of the right side ee soe in the horizontal parallax. by 
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the given minutes, and striking off two figures to the right ; that answering to 
the unit seconds of parallax is found at the bottom part of the page under the 
given seconds, and is also subtractive. This logarithm is likewise to be further 
diminished by a number taken from Tables XL. or XLI. corresponding to 
the a or star's apparent altitude; or from Table XLIX. when a planet it 
observe 


ExampP.e I. Required the logarithmic difference corresponding to the moon’s 
apparent altitude 71° 29’, the sun’s apparent altitude 31° 46’, and the moon’s 
horizontal parallax 54’ 11”, 

Log. difference to moon’s apparent alt. 71°, and hor. par. 54’ 10”, is 9.993716 
The diff. 68 multiplied by 29’, gives the prop. part....... - — 20 
Proportional part to 1” of moon’s horizontal parallax ...... — 2 _ 32 
Correction for sun’s apparent altitude 32° (Table XL.) ... — 10 


Logarithmic difference FOQUITED Wisi veveveeveovececvenereeeeeedtedte eerceesecoee 9. 993684 


Exampte II. Required the Logarithmic difference corresponding to the 
moon’s apparent altitude 34° 54’, the star’s apparent altitude 18° 26’; and the 
moon’s horizontal parallax 57’ 25”. 

Log. difference to moon’s apparent alt. 34°, and hor. par. 57’ 20”, is 9.996132 
The diff. 172 multiplied by 54’, gives the prop. part ...... — 93 

Proportional part to 5” of moon’s horizontal parallax...... — 6 — 100 
Correction for star’s apparent altitude 18° (Table XLI.). — 1 


Logarithmic difference TOQUITONS 4sicsdoiesocstunsgavesacavncsesepeversccunecte 9. 996032 


ExamPLeE III. Required the logarithmic difference corresponding to the 
moon’s apparent altitude 42° 2’, a planet’s apparent altitude 12° 26’, the moon’s 
horizontal parallax 57’ 11”, and the planet’s horizontal parallax 15”. 


Log. diff. to moon’s apparent alt. 42°, and moon’s hor. par. ae 10”, is’ 9.995350 
The diff. 162 multiplied by 2’, gives the Prop. Part....00. eo 

Proportional part to 1” of moon’s horizontal parallax ...... _ 1 _ 13 
Corr. for planet’s app. alt. 12°, and hor. par. 15” (XLIX.) — 9 


rithmic difference re TUTE cca cachcvecss cotescsceabedecerekoucesscnadeeduee 9. 995337 


TABLE XL. XLI. 


To correct the Logarithmic Difference. 


These tables are intended to correct the logarithmic difference for the sun or 
a star’s apparent altitude, with which they are to be entered, and the corre. 
sponding number subtracted from the logarithmic difference, as shewn abave. 


TABLE XLII. 


Amplitudes. 


This table is intended to expedite the method of finding the variation of the 
compass by comparing the magnetic with the true amplitude: the latter is here 
taken out by inspection, being § given in degrees and minutes, and is to be found 
with the declination at the top, and the latitude in the left side column. More- 
over, when the minutes of the latitude or declination are nearly 30, or half a 
degree, the mean of the amplitudes found for the two nearest degrees, will give 
the amplitude required nearly, as shewn in the following exam ae . 
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ExampPce I. What is the sun’s true amplitude in latitude 51° 31’ N., when 
the declination is 8°? 


True amplitude by Takle for ktitude 51° and declination 8° ......... 12° 47? 
Ditto for latitude 52 and declination 8 ......... 13 4 


2)25 51 


Sun’s true amplitude required ....sccescccsssesseereee 12 55 


ExamPLe II. Required the sun’s true amplitude in latitude 34° 5’, when the 
declination is 18° 32’. 


True amplitude by Table for latitude 34° and declination 18°......... 21° 53! 


Ditto for latitude 34 and declination 19 ......... 23 7 
2)45 0 
Sun’s true amplitude required ....... seccccccccccnccee 22 BO 


Examp e III. On what points of the horizon does the sun rise and set in 
latitude 57° 36’ N., when his declination is 18° 28’ S.? 


Sun’s true amplitude for latitude 57° and declination 18° ...... sooeee 34° 34 
Ditto for latitude 57 and declination 19 ....... ssces’ (8604.43 

Ditto for latitude 58 and declination 18 ....... sean Oy 40 

Ditto for latitude 58 and declination 19 .......0..0. 37 54 

4)144 51 


Sun’s true amplitude required ......scccccsssssserese 36 13 | 


Hence the sun rises E.36° 13’ S., or S. E. 3? E., and sets W.36° 13’S., or S. W. 3 W. 


In the same manner the true amplitude of the moon, planets, or stars may 
be found when their declination and the latitude are given. 


TABLE XLIIL si 


Semidiurnal and Seminocturnal Arches; 
For finding the Time of the Rising and Setting of a Celestial Object. 


This table exhibits half the time that a celestial object continues above the 
horizon when the declination and latitude are of the same name ; or below, when 
they are of contrary names; usually called its semidiurnal and seminocturnal 
arches, from whence the apparent time of its rising and setting pe be com 

uted. These are to be taken out with the latitude in either side column, and 
the declination at the top; then the angle of meeting will point out the arch 
required, which, if the object be the sun, will be the apparent time of its setting, 
when the latitude and declination are of the same name, or of its rising, when 
they are of contrary names; and this subtracted from 12 hours, will give the 
apparent time of the sun’s rising in the former case, and of its setting in the 
latter: double the time of his rising will be the length of the night, and double 
the time of his setting, the length of the day. 


_ Examp.e. Required the apparent time of the sun’s rising and setting, with 
the length of the day and night, in latitude 51° 31’ N., when the declination 


is 20° N. 
*#D2 
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The time answering to latitude 51° and declination 20° is ......s0008. 7h 47m 
Ditto to latitude 52 and declination 20 is ...cccc 7 51 


2)15 38 


App. time of the sun’s setting, because lat. and declin.are both North 7 49 
12 


Apparent time of the sun’s rising SOCSHSEOESSOSEESEOSOSSOSS SEE OPS OHO SES EEESESEES 4 1] 


Double the rising gives the length of the night in apparent time...... & 22 


Double the setting gives the length of the day in ditto coceee 15 38 


To find the apparent time of a star’s rising and setting, subtract the sun’s 
right ascension from the star’s right ascension (increasing the star’s right ascen- 
sion by 24 hours, if it be less than the sun’s), and the remainder will be the 
approximate time of the star’s passing the meridian*; then the latitude and 
declination found in the table, will give the time the star takes in ascending 
from the horizon to the meridian, and descending from the meridian to the 
horizon, when they are of the same name: therefore, if these hours and minutes 
be subtracted from the time of its passage over the meridian, the remainder will 
be the apparent time of its rising; and, if added, the sum will be the time of 
its setting. 

But when the latitude and declination are of contrary names, the time feund 
as above will be half the star’s continuance under the horizon ; consequently it 
is to be subtracted from 12 hours, to give half the time of its continuance above 
the horizon ; with which proceed as before. 


Examp.eE 1. At what apparent time does the Star Arcturus rise and set on 
June Ist, in latitude 51° North? 


Star’s right ascension by Table XIII. .........cccccscsccsssecscscscccsces 14h. 9m. 
Sun’s right ascension, June Ist, by Table XIV...........0.60 vovewed « 4 35 
Approximate time of the star’s passing the meridian...........sseeees $ 34 


Time answering to latitude 51° N., and star’s declination 20° N.,is 7 47 
2% i 


Remainder gives the time of the star’s rising ......cccccsrescssssssceeee 1 47 


Sum gives the time of the star’s setting .......cccccccssosesssesseseosees 17 21 P.M. 


Or... 2 ee ee 


Examp te II. At what apparent time does the Star Regulus rise and set on 
May 10th, in latitude 33° South? 
Star’s right ascension by Table XIII. ............sesescceeses sacececcssas 10h. Im. 
Sun’s right ascension, May 10th, by Table XIV. ......sccececeeeee 3 8 


Approximate time of the star’s passing the meridian .,............... 6 53 
Time answering to latitude 33° S., and star’s declination 13° N., is 5 26 
6h. 34m., which subtracted from LA DOUTK. 18 nerksosadceandes 


Remainder gives the time of the star’s rising ....cccccsssssssssssseseeee 1 27 


Sum gives the time of the star’s Setting cceccccccsssccccecccsssssecesesee 12 19 P.M. 


Or... O I19A M. 


———— 


° The time of 60 of the principal stars passing the meridian throughout the year will be 
found in Table XLIV . 


~ 
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Notr.—If the time of the sun or a star’s rising or setting be required in 
mean time, the equation of time taken from the Nautical Almanac must be 
applied to the apparent time, found as in the preceding examples. 


After the same manner, the mean time of the rising and setting of the planets 
may be computed, observing to take out their declination and passage over the 
meridian from pages 251 to 323 of the Nautical Almanac for 1866. 


To find the time of the rising and setting of the moon, the time of her passage 
over the meridian of Greenwich in mean time is to be taken from Page IV. 
of the month in the Nautical Almanac, to which the minutes from Table XVI, 
are to be applied, in order to obtain the time of its passing the meridian of the 
given place ; then the semidiurnal arch, found as before, answering to the moon’s 
declination at the time of its passing the meridian (given in Pages V. to XII. 
of each month in the Nautical Almanac), and the latitude of the place, sub- 
tracted from the above reduced time, will give the approximate time of the 
moon’s rising, or, added thereto, will give that of its setting. But as the moon 
changes her place in the heavens very rapidly, if greater accuracy be required 
the declination must be taken from the Nautical Almanac corresponding to the 
approximate time of its rising or setting reduced to Greenwich time; then the 
semidiurnal arch being again found, and corrected hy adding the minutes from 
Table XVI. corresponding thereto, and the daily variation of her passage over 
the meridian, the sum, subtracted from, or added to, the reduced passage over 
the meridian, will give the mean time of her rising or setting very nearly. 


Exampie. Required the mean time of the moon’s rising at St. Helena, in 
latitude 15° 55’ S , and longitude 5° 43’ W., on July 27, 1866. 


In Page 1V. of July in the Nautical Almanac, the time of the moon’s } 
passing the meridian of Greenwich is 12h. 18m., to which one | 
minute (the number from Table XVI. answering to the daily }12h 19m. 
variation 50m., and longitude 5° 43) being added, gives the time | 
of her passing the meridian of St. Helena ..........+.. sere cecceescscese ee 
Time answering to latitude 16° S., and moon’s declination 14°S..... 6 16 


Remainder gives the approximate time of moon’s rising ......ceccrssreee G6 3 
Longitude of St. Helena, in time (Table XIX.) ......secccccessccesceevee 0 23 W. 


Corresponding Greenwich time SOSCOHSSHS SEH ee SSSHSHSSHESSESSSESSSHESHOHTETSHSSSEEEE 6 26 


The moon’s declination at this time, by Page XI. of July in the Nautical. 
Almanac, is 14° 40’ South. 
Time answering to Latitude 16° S., and declination 14° 40’ S. ......... 6h. 18m. 
Correction from Table XVI. to 6h. 18m., and daily variation 50m. ... -+- 12 


WbeMIiiayAl ATCH COTTOCtEd cccleccaccecscsvcoucdecascancscccrcecdiccceccncceacene OBO 


Reduced time of the moon’s passing the meridian...... eccccccccccersovsere L2 19 
Time of the moon’s TISING.cececcoeve Seercces POSSCSO CHS EOE SEH eee oeere- Seeeeesesseeose 5 49 


It must be understood that the above methods are only approaimations, and 
may deviate two or three minutes from the truth ; but it is presumed they will 
be found sufficiently exact for most nautical purposes. . 

The semidiurnal and seminocturnal arches may be found independent of this 
table, by adding together the log. tangents of the given latitude and declination, 
which sum will be the log. sine of an arch in degrees, &c., to be reduced into 
time, and increased by six hours. 
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TABLE XLIV. 
To find the Time of the principal Stars passing the Meridian 


In this table the apparent times of 61 of the principal stars passing the 
meridian are given for every fifth day of each month throughout the year, 
beginning on the first day of each month; and since the stars perform a, revo- 
lution, or return to the meridian, in 23 hours, 56 minutes, and 4 seconds of 
mean solar time, that is about 4 minutes earlier every day, when the time of 
their transit is required for any intermediate day, it may be found by multiply~ 
ing the number of days, since the preceding one given in the table, by 4, and 
subtracting the product from the time of the transit on that day: the remainder 
will then be the apparent time of the transit on the day required. Suppose, for 
example, we want to know at what time the Star Aldebaran will pass the 
meridian on February 14th. Now, by the table it appears that the star will pass 
the meridian on the 11th of that month, at 6h. 46m. ; then to find the time of its 
transit on the 14th, multiply 3, the number of days since the 11th, by 4; the 
product, 12 minutes, subtracted from 6h. 46m. will give 6h. 34m., the time of 
the star’s passage over the meridian on the 14th February. 

The times shewn in the table being only approximations, may deviate two or 
three minutes from the truth, but will nevertheless be sufficiently exact for the 
purposes to which they are intended to be applied. 

By the assistance of this table, the method of finding the latitude by the 
meridian altitude of a star will be greatly facilitated ; for when we know at 
what time nearly a star will pass the meridian, and its approximate altitude at 
that time, there can be no difficulty in making the requisite observation to 
determine the latitude: these opportunities occur frequently in the course of/a 
clear night, and may be put in practice by wit: person otherwise unacquainted 
with the stars in the heavens ; which we shall endeavour to explain by a few 
examples. 

In the first place, the altitude of any star when passing the meridian, may be 
found by adding together the co-latitude of the place of observation, and the 
declination of the star, when they are of the same name, or taking their differ- 
ence when of contrary names: the altitude to be reckoned from the South point 
of the horizon, when the latitude is North, and the contrary when South; but 
when the sum exceeds 90°, it is to be taken from 180°, and reckoned from the. 
opposite point of the horizon, that is, from the North in North latitude, and 
from the South in South latitude. 

Thus, having the time of the star’s transit, or passage over the meridian, by 
the table, and its meridian altitude nearly by calculation, set the index of the 
quadrant to that altitude, and a few minutes before the time of the star’s transit, 
direct the sight towards the North or Sonth points of the horizon, as shewn 
above, and the reflected image of the star will be perceived in the horizon-glass, 
upon or near the horizon, which being brought into contact with it, and kept so 
until the star arrive at its greatest or meridian altitude, and the arch read otf the 
quadrant, the correct latitude may be found by calculation. 


Examp te I. Suppose, on the evening of July 6th, the ship being in latitude 
36° 30’ N. by account, about nine o'clock, the latitude be required by observing 
the meridian altitude of a star. Now by the table, the Star Antares will pass 
the meridian on that day about 9h. 16m.; also by Table XIII. the declination 
of that star appears to be 26°5: S. ; therefore from the complement of the latitude 
53°30’ N. subtract the star's declination, because they are of contrary names, 
and the remainder will give the meridian altitude 27°25’, to which set the 
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index of the quadrant, and directing the sight to the South point of the horizon, 
observe the meridian altitude of the Star Antares, and thence deduce the latitude. 

There is not the least danger of mistaking the star, as no other will have the 
same meridian altitude at that time. 


Examp.e II. What star will be on the meridian about 5h. A. M. on 
February 3d, and what will be its meridian altitude, supposing the latitude of 
the ship to be 15° 40’ N. by account ? 

By Table XLIV. the Star Arcturus will pass the meridian on 17h. 6m 


February Ist at...... eeeceees secceee ec cccceccecccscoccccccscocccocees oeeee 
Number of days since za ue 4 — Se  ~SSSSSSSSSSSSSSSSSSSESSESSESSESESSSSESEESS aad 8 


Arcturus will pass the meridian on February 3d at.......secccc008. 16 58 P.M. 
12 0 


Or... 4 58A.M. 


Latitude of the ship by account SOSOHSHOSH HSH FHAIOTVSOSSS SIS HSS SSO SSESSTESE FOS 15° 40’ N. 
90 
Complement of the latitude....... eneghdanhaseaniak}o=engheehaaebanasased « J4 20N. 
Declination of Arcturus by Table Witte seers, ces otk «- 19 55 N. 
94 15 
180 


Meridian altitude of Arcturus from the North ape of ty 85 45 
NOTIZON..ecceseececcecccccocccvccececseccscscecccsescecsessescseseesoscesecs 

When the Sahay ae of a star’s declination is yes than the latitude, of the 
same name, the star will not rise or set, but pass the meridian below the pole 
iJlh. 58m. after it has passed the meridian above the pole: its altitude being 
then observed, the latitude may thence be found by rules laid down for that 
purpose in page 189. 

Its meridian, or least altitude at that time, is found by subtracting the com- 
plement of the declination from the latitude; which altitude is to be reckoned 
from the North or South points of the horizon according to the latitude. 

ExamPte III. At what time will the Star Dubhe, in Ursa Major, be on 
the meridian below the pole on December 15th, and what will be its meridian 
altitude at that time in latitude 45° 40’ N.? 

Time of Dubhe’s transit above the pole, Dec. 11th, Table XLIV. 17h.37m. 


Nember of days to December L4th, 3 X 4 =...ceccccccscecsccereeeseee — 12 
Time of Dubhe’s transit above the pole, December I4th............ 17 25 
Half interval of the star’s revolution......ccccccccccscsssscecsescccoeees 11 58 
29 23 
24 
Time of Dubhe’s transit below the pole, December 15th.......... 5 23 P.M. 
Declination of Dubhe by Table XIII. .........cecesecsscesseeeeesersee 62° 30/N. 
90 
Complement of the declination .........es.see00 sacle bilan vases poetoucbetgutd : 5 one re 
45 40 N. 


Latitude SOS SSH SOS TOSSES SSS SHOOTS SESSSESTSTSHSSOSSOSSSHSTGH SOT SIFSHSSOS HSS BESS 


Meridian altitude of Dubhe below the pole from the North Bet 18 10 


of the horizon euaabsnGhecesevécissetececbacesspeces See eereeeeacseseesessee 
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in the Nautical Almanac, which reduce to the time of its passing the meridian 
of the given place by Table XVI.: then find the corresponding time at Green. 
wich, as directed in Page 155; and take out the moon’s declination from the 
Nautical Almanac, corresponding to this time. 


With the moon’s declination, and the latitude of the given place, find the 
time by the present Table.* Add to this time the minutes corresponding to it, 
and the moon’s daily variation, taken from Table XVI., and subtract the sum 
from, or add it to, the time of the moon’s meridian passage at the given place, 
according as the observation is to be made before or after it, and the result will 
be the mean time required, which may be reduced to apparent time, by applying 
the equation from Page II. of the Nautical Almanac. 


Examece I. Required the apparent time when the moon will be on the 
pa vertical, or bear due West, on July 25, 1866, in latitude 34° 56’ S., and 
ongitude 72° East. 
Mean time of the moon’s meridian passage at Greenwich, July 25, 10h. 38m. 


by Page IV< of:the Nautical Almanac -<: 22, .ficccvs ces vedpegnuseatesnsss 
Corr. for daily variation 50m., and longitude 72° E. (Table XVI.)...... — 9 


Mean time of the moon’s meridian passage at the given place ......se+e+s 10 29 

Longitude 72° E., in time (Table XIX.) ....... ec cccceccoscoecees cccccccccees . 4 48 E. 

Mean time at Greenwich when the moon passes the meridian of the 5 4l 
given place .c..eceos. soups ivcaineee cose cocsuvcccccscondsccon sss evesens eeccceee 


Mean time of the moon’s meridian passage at the given place .e.ccccceeee 10h. 29m. 
Time by the Table corresponding to 18° S.,, (the moon’s Me 
4h. 9m. 
Page XI. of the Nautical Almanac), and latitude 35° S. 4 17 


declination at 5h. 41m. Greenwich mean time, by 
Corr. for daily variation 50m., and 4h.9m.(Table XVI)... +- 8 


Mean time when the moon bears West of the meridian, at the 14 46 
given place .ecoceccs eccecsecs Sas deianabas erie nege Seabees anvannais covate bas rendie 
Equation of time by Page II. of the Nautical Almanac...... secssesees socee et OG 


Apparent time when the moon bears West of the meridian, at ad 14 40P.M. 


given PIDGE daasivtisauavcabecersesevapedidiges sebweh baueswessusgansvnauedaiins see 


Oruvad. 32S 


ExaMP.e II, At what apparent time will the moon be nearest to the prime 
vertical, before it has passed the meridian, on October 26, 1866, in latitude 
13° N , and longitude 68° W.? 

Mean time of the moon’s meridian passage at Greenwich, Oct. 26, 14h. 45m. 


by Page IV. of the Nautical Almanac .......... cesccconccece eseccescocces 
Corr. for daily variation 60m., and longitude 68° W. (Table XVI.) ... + Il 


Mean time of the moon’s meridian passage at the given place .......... oo, 14° 56 
Longitude 68° W., in time (Table XIX.).......cccccccerseceeseeccereccccccncse 4 32 W. 


Mean time at Greenwich when the moon passes the meridian of the 19 28 
given place eeeeee seeeretceeeseeresee Seeeceeeeesessererre Seeceeeseeseresceseseerseseseees 


* The Time found by the Table will not be quite correct, since it is taken out with the 
moon’s declination at the time of its meridian passage, whereas it should be for the time of its 
being on or near the prime vertical; but the result will be sufficiently near the truth, for the 
purpose to which it is here applied. 
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Corr. for daily variation 60m. and 2h.59m.(Table XVI.) .. + 7 


Mean time when the moon is nearest the prime vertical, to the 


IEEE 5 ates 5 vininlSdaa.cs.i ain aansetacas coadogw sap vghaedancendeak edecine cas s5ctueee thine 
Equation of time by Page II. of the Nautical Almanac ....... $000see* vovcesone + 16 
Apparent time when the moon is nearest the prime vertical, to the 

Eastward eeeees SOESCOSOS** SOS SSTESEHESEEE SHE Ee SSSCOSESHSCESOSE SECS E See e ves es Sereeeseene i he 6 P.M. 


TABLE XLVI. 


For finding the Altitude of a Celestial Object most advantageous for 
ascertaining the Apparent Time. 


By this Table the altitude of a celestial object may be found nearly, when 
the object is in the prime vertical, or at its nearest approach thereto. It is to 
be entered, as in the last Table, with the declination at the top, and the latitude 
in the left column. 


ExampLe I. Required the altitude of the sun when it is in the prime 
verticle, May 20, 1866, in latitude 31° 45’ N. 

The latitude 32° in the left column, and the declination 20° N. at the top, 
give the corresponding altitude 40° 12’. 


Examp te II. Required the altitude of the Star Regulus, when it bears due 
East or West, on February 6, 1866, in latitude 47° N. 

The altitude in the Table, corresponding to latitude 47°, and the star’s 
declination 13° N., is nearly 18°. 


Examp te III. Required the altitude of the Planet Jupiter, on July 14, 1866, 
when it is in the prime vertical, in latitude 48° S. 


The altitude corresponding to latitude 48°, and the planet’s declination 
21° 3’ N., is about 28° 50’. 


ExampLte IV. What will be the altitude of the moon when it is nearest to 
the prime vertical, eastward of the meridian, on October 26, 1866, in latitude 
13° N., and longitude 68° West ? 

The latitude 13° N., and the moon’s declination 18° N., give the moon’s 
altitude about 46° 43’. 


Notrr. See the above Examples worked in the explanation of the preceding 
Table, for finding the time when an object is on or near the prime vertical. 


-TABLE XLVII. 


Logarithms for finding the Correction to reduce the Moon’s Declination or Right 
Ascension to any Time under the Meridian of Greenwich 


The moon’s right ascension and declination being given in the new Nautical 
Almanacs to every hour of Greenwich mean time, this Table is intended princi- 
pally to reduce them to any interval between the hours, by finding the propor- 
tional part of the change in one none : ne figures at the head of the columns 

| E 
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being taken as minutes of an hour or a degree, and those in either side column 
as seconds. . 

To reduce the moon’s right ascension or declination to any given mean time 
at Greenwich, take them out from the Nautical Almanac for the hours on the 
given day, preceding and following the Greenwich time, and find the hourly 
_ variation ; then adding together its logarithm, and the logarithm of the minutes 
and seconds of the time at Greenwich since the preceding hour, their sum will 
be the log. of the variation or change in that time ; which being applied to the 
right ascension or declination at the preceding hour, by addition or subtraction, 
according as the quantity is increasing or decreasing, the result will give them 
reduced to Greenwich mean time. : 

ExamPLeE I. Required the moon’s right ascension and declination, March 13, 
1866, at 14h. 36m. 15s. mean time at Greenwich. 


Moon’s right ascen., March 13, at 14h., by Page VIII. N. Alm, 21h. 7m.56s. 


Ditto, ditto at ldh., ditto niteainel 20 Aas 
Variation in 1 hour or 60 minutes ....ccccceeeeee seececsecsenesone sees 2 17 «...Log. 1.4196 
Mean time at Greenwich after L4h, .occecccccccsenccorcesesces socesece 36m. 15s. ... Log. 0.2188 
Variation or change in 36m. 15s. .........+.  seccncccsccccnccescess wee +h. 1m.23s, ...Log. 1. 6384 
Moon’s right ascension, March 13, at 14D. ....cccccceeres Sosbabaveted YS Ry ie 
Ditto at 14h. 36m. 15s. Greenwich mean time... 21 9 19 
Moon’s declination, March 13, at 14h., by Page VIII. N. Alm, 11° 55’ 6”S., 
Ditto, ditto at 15h., ditto poo § wae | peg Ye. > 
Variation. mat Nour OF GO minted” ecscasd:everconanscosvcaceceaeass re 8 22......Log. 0. 8556 
Mean time at Greenwich after 14h, ....ccccccccccsscsvecscccccccccccocs 36m.15s. ... Log. 0. 2188 
Variation or chatige 11: 36m.'15s.......c.scsteocovedeptaiecsssheassndssee. “to ONE at +. Log. 1.0744 
Moon’s declination, March 13th, at J4h, ...ceccecseessseeee dekh ds cubes ll 55 6S. 
Ditto, at 14h. 36m. 15s. Greenwich mean time..... 11 50 3S, 


ExampLeE If. Required the moon’s right ascension and declination, May 23, 
1866, at 2h. 48m. 35s. Greenwich mean time. 
Moon’s right ascen., May 23, at 2h., by Page X. Naut. Alm.... Ih. 46m.56s, 


Ditto, ditto, at 3h., ditto ue bent VB. BE 
Variation in I hour or 60 minutes ....coccrcccscccccccscccsecsoccesses 1 65.54 Log. 1.4956 
Mean time at Greenwich after 2h. COL OCOOER OSS FOES E ODES EEE LOE TOD TES SO® 48m.35s. ». Log. 0. 0917 
Variation or change in 48m. 35s. ....... sahatacanccecaveneaccedtens eevee +h. 1m.33s. «Log. 1, 5873 
Moon’s right ascension, May 23, at 2h. ....00..... pastang tania -~ 11 46 56 

Ditto, at 2h. 48m. 35s. Greenwich mean time...... 11 48 29 
Moon’s declination, May 23, at 2h., by Page X. Naut. Alm. ... O° 4’ 56” N. 

Ditto, ditto, at 3h., ditto «> O 4 40 S. 
Variation in ] hour or 60 minutes seeteoce POSSESS SSH SES FESS SOS TEL SEHece 9 36...... Log. 0. 7959 
Mean time at Greenwich after 2h. Cee eee Ceres ee ee see verses eeeeeseesecs 48m.35s. ..- Log. 0. 0917 
WVaristion.or/changelins 4801 196s; )/vissssedidhas acniens tobpopbabioasacsad jem cin ~os 46” ... Log. 0. 8876 
Moon’s declination, May 23, at Qh. SSCS SEK SESE CEOCSOS EF ESHER ESE EEE 0 4 56 N. 


Ditto at 2h, 48m. 35s. Greenwich mean time...... O- 2 50S, 


SOS Sr ney, 
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TABLE XLVIII. 
The Parallax in Altitude for Planets 


Opposite the apparent altitude of the planet, in one of the side columns, and 
under the horizontal parallax, will be found its parallax in altitude, which is 
always to be added to the altitude of the planet.— Example. If the aititude of a 
“Abate be 40°, and horizontal parallax 15”, its parallax in altitude will be 12” by 
the table. 


TABLE XLIX. 
To correct the Logarithmic Difference when a Planet is observed. 


The corrections in this table are to be taken out with the planet’s apparent 
altitude in the right or left column, and the horizontal parallax (found in the 
Nautical Almanac) at the top, and is to be subtracted from the logarithmic 
difference taken from Table XX XIX. | 


Examrue. Required the correction of the logarithmic difference corresponding 
to the apparent altitude of a planet 12°, and horizontal parallax 15”. 
Opposite 12°, and under 15”, will be found the corresponding correction 9. 


TABLE L. 
To correct the Auxiliary Angle when a Planet is observed. 


The corrections in this table are taken out with the same arguments as the 
last ; that is, with the planet’s apparent altitude in either side columin, and the 
horizontal parallax at the top, and is always additive to the auxiliary angle taken 
from Table XXX*. . 


ExamPe. Required the correction of the auxiliary angle corresponding to 
the apparent altitude of a planet 65°, and horizontal parallax 19”. 

Opposite the apparent altitude 65°, and under the horizontal parallax 19”, is 
the corresponding correction 10”. 


— 


TABLE LI. 
To reduce the Equation of Time to any Time at Greenwich. 


This table is to be entered with the daily change or variation of the equation 
of time (being the difference of the equations at the preceding and following 
noons, taken from Page I. or II. of the month in the Nautical Almanac, when 
they are both additive, or both subtractive, but their sum when one is subtrac- 
tive, and the other additive,) at the top, and the Greenwich time in the left side 
column ; the corresponding correction is then to be applied to the equation at 
the preceding noon, by addition or subtraction, according as the equation is 
increasing or decreasing. But should the correction exceed the equation at the 
preceding noon, the latter is to be subtracted from the correction, and the 
remainder will be the reduced equation, to be applied in the same way as 
directed in the Nautical Almanac for the equation at the following noon. 

When the Greenwich time exceeds 12 hours, the correction must be taken 
out at twice, as in the third and fourth Examples. 


Exampxe I. Required the eqnation of time, March 1, 1866, at 3 hcurs 
apparent time at Greenwich. 


XXXVI. EXPLANATION OF THE TABLES. 
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Equation of time at app. noon, March 1, by Page J, Naut. Alm. ...... 12m. 34. 63s, 
Ditto, March 2, by ditto, \f\)aecaantdss 12 22. 35s. 


Daily change or variation (decreasing) ssccccscesessessseeesesertsereseesesee O 12, 26 
Equation of time (as above) March 1 ...s0..--ssesesseeeseeee cvccccece cooeesee 12m. 34. 63s. 
Correction to difference 12s. and 3 hours | ....eeseseeeses ee p Ahek Hs aie - 1,53 


Reduced equation of time (to be added to apparent time) «.s...0.00006... 12 33.10 


Hence the mean time at 3 hours apparent time at Greenwich, on March 1 
1866, is 3h. 12m. 33. 10s. 

Exampce II. Required the equation of time, on December 2, 1866, at 
8h. 30m. apparent time at Greenwich. 


Equation of time at apparent noon, Dec. 2, by Page I. Naut. Alm.... 10m. 24. 47s. 
Correction to daily change or variation 23. 64s. and 8h. 30m..........008 — 8. 30 


ee 


Reduced equation of time (to be subtracted from apparent time) ...... 10 16.17 


Examp te III. Required the equation of time on April 7, 1866, at 16h. 35m. 
mean time at St. Helena, in longitude 5° 45’ W. 


Dlean ‘time at Stx Helena? cicis -iscct cpbamsocccceseconacseece édvevachvunse® cbbaces c¢ers LORS EEO’ 
Longitude 5° 45/ in Time (Table SILAS) SSCSHSSSSSSESSSSS SES EOC ESE SEL ESE SESEES eee oe 23 W. 


—— 


Mean time at Greenwich SPOSSOHHSS SSS OSS SH SCOSSHLSHS SES TELOSSSESSESHES LOE SET OSESESES ee 16 58 


Equation of time at mean noon, April 7, by Page II. of Naut. Alm. ...... 2m. 10. 7s. 
Corr. to daily variation 17.1s. and 12 hours ...... = 8. 5s. 
Ditto 4h. 58m eae tam 3. 5 eeceetsosees ~~ 12.0 


Reduced equation of time (to be subtracted from mean time) .....ecccceeeee 1 58.7 


ExampLe IV. Required the equation of time on June 14, 1866, at 22h. 30m. 
Greenwich apparent time. 
Equation of time at apparent noon, June 14, by Page I. of Naut. Alm... 0m. 6.9s, — 
3s 


Corr. to daily variation 12. 7s. and 12 hours...... oe §©66. 3s. 
Ditto 10b,'30m..4.40,00° by Bon pete ee 


Reduced equation (to be added to apparent tiMe) .....erecccrrescerseseeeserers O 4.9 - 

In this example, the equation of time, on June 14, at Greenwich apparent 
noon, is Om. 6. 89s. subtractive, and on the following noon it is Om. 5. 84s. 
additive ; therefore the equation having first decreased to 0, and then increased 
their sum (12. 73s.) is the amount of the daily variation or change in 24 hours ; 
and since the correction is greater than the equation on the 14th, at apparent 
noon, the latter is to be subtracted from the correction, and the remainder will 
be the reduced equation Om. 4. 9s., to be added to apparent time in order to 
reduce it to mean time: hence the mean time corresponding to 22h. 30m. 


apparent time, will be 22h. 30m. -++ Om. 4.9s. = 22h. 30m. 4. 9s. 
TABLE LII. 
Equations of Equal Altitudes. 


Observations of the sun, taken when at equal altitudes afford an easy and 
accurate method of ascertaining the time shewn by a chronometer at apparent 
or mean noon, and from thence its error; but since the sun changes his declin. 
ation during the interval between the corresponding altitudes, the middle of 


witid 
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the times by the chronometer when they were taken, will not be that shewn by 
it when the sun passes the meridian ; and hence it becomes necessary to apply 
a correction, called the equation of equal altitudes, to the middle of the times, 
which may be easily computed as follows, by means of this Table. 


Rutes.—1l. Opposite the interval between the observations, take out the 
logarithms marked A. and B. at the head of the columns. : 

2. To log. A. add the log. (X XIV.) of the seconds in the change of the sun’s 
declination between the noons of the preceding and following days, (taken from 
the Nautical Almanac,) and the log. tangent (XXV.) of the given latitude ; 
the sum of these three logs. will be the log. (X XIV.) of the jirst part of the 
equation. 

3. To log. B. add the log. of the above seconds, and the log. co-tangent of 
the sun’s polar distance to the nearest minute of the given day ; their sum will 
be the log. of the seeond part of the equation. 

4. The jirst part of the equation additive when the declination is decreasing, 
and of the same name with the latitude ; or increasing, and of a different name 
from the latitude ; but subtractive, when the declination is increasing, and of 
the same name with the latitude ; or decreasing, and of a different name from 
the latitude. 

5. The second part of the equation is additive when the declination is 
increasing ; but subtractive when the declination is decreasing. 


Exampte I. November 10, 1866, in latitude 57° 9’ N., suppose the interval 
between two sets of equal altitudes of the sun to be 5h. 17m.: required the 
equation of equal altitudes. 


Sun’s decl., Nov. 9, by N. A. 16°53’ 20”S. Sun’s decl., Nov. 10, by N. A... 17° 10'S, 
Ree PUG! LD cacccsee hd. 2d. & Se 90 


ee 


Change of declin. in 2 days. 33 44= 2024” Sun’s polar distance.....e0...0.--.107 10 
DHPOTVAl sccckevessschos Obie gmt. ‘LogeA.! 7. 7598. cums Sedtitedeieds «- Log. B... 7. 6465 
Samra 2 days wc. 2024") oy Lig. 1053. S082 000. cgsns ccaseceiadsnuseneresss siiiens 3. 38062 


BMRILIOG soncceceesesees 07° OU Tang... 0.1900 Polar dist. 107° 10’ Co-tang. 9.4898 


First part... sec... + 18. 03s, Log.... 1.2561 Second part + 2.77s. Log. ... 0.4425 
Second part coeessecee + 2. 17 


ee ee 


Eq. of equal parts... + 20.80 additive, because both parts are so. 


But if we suppose the above latitude to be South, then the first part would 
be subtractive, because the declination is increasing, and would be of the same 
name with the latitude ; the second part would be additive, because the sun’s 
declination is increasing : consequently, the difference of the two parts = 15,26s. 
would then be the equation of equal altitudes, and subtractive, because the 
greater part is so. 


ExamP.eE II. March 20, 1866, in latitude 20° 33’ S., suppose the interval 
between two sets of equal altitudes of the sun to be 8h. 18m.: required the 
equation of equal altitudes. 


Sun’s decl., Mar. 19, hy N. A. 0° 31/ 23°S. Sun’s decl., March 20...... 0° 8’§ 
Ditto, Mar. Zh csvsascesees 0 16 Ov N. 90 


er es 


Change of declin. in 2 days... 0 47 23 = 2843% Sun’s polar distance w.... 89 52 


ee ee [== 


xi. LXPLANATION OF THE TABLES. 


Interval ....00000 Sh. 18m. Log. A. 7.81388  scccccecccsvcccescvceces Log. B. 7.4818 - 
Changein2 days 2843” Log. 2. 3.4538 — cevercccscccessevcronecsesscvsosees 3. 4538 
Latitude ...,.000 20°33’ Tang... 9.5739 Polar dist. 89° 52’...Co-tang. 7. 3668 
First parts..ccssss + 6.94s. Log.... 0.8415 Second part —0. 02 Log. ... 8.3024 
Second PaTLrt.covee — 0.02 ACTS oo eee Ese 


Eq. of equal alts. + 6.92 additive, because the greater part is so. 


If we suppose the Jatitude in the above example to be North, the first part 
would be subtractive, because the declination is decreasing, and of a different 
name from the latitude; the second part would be subtractive, because the 
declination is decreasing: hence the sum of the parts, 6. 96s., would be the 
equation of equal altitudes, and subtractive, because both would have been so. 


TABLE LIIL. 


For converting Foreign Measures into English Feet or Fatnoms, 
and the contrary. 


This table will be found very useful in converting the depths of water 
expressed in foreign charts, to equivalent depths in English feet or fathoms. 
Suppose, for example, the number of feet or pieds marked on a bank in a French 
chart were 17; to find the corresponding depth in English feet, look in the 
column, marked “ French feet,” for the number nearest answering to 17: this 
will be 16.90, opposite to which, in the left column, will be found 18, the 
English feet required. Or, suppose the number of Spanish brazas answering to 
20 English fathoms, were required: in the column marked “ Spanish brazas,” 
opposite 20 in the column of English fathoms, will be found 21. 58, the number 
of Spanish brazas equivalent to 20 English fathoms. 


The columns in the table were computed by the following rules: 

l. To reduce English feet to French feet, or English fathoms to French 
toises, add the log. 9. 972647 to the log. of the given number of English feet or 
fathoms, and the sum will be the log. of the corresponding French feet or toises. 

2. To reduce English fathoms to French brasses, add the log. 0. 051516 to 
the log. of the given number of English fathoms. 

3. To reduce English fathoms or feet to Spanish brazas or feet, add the log. 
0. 033074 to the log. of the English fathoms or feet. 


4. To reduce English feet to Portuguese feet, add the log. 9. 966926 to the 
log. of the English feet. 


5. To reduce English fathoms to Portuguese brazas or fathoms, add the log. 
9.920818 to the log. of the English feet. 

6. To reduce English feet to Amsterdam feet, add the log. 0. 032292 to the 
log. of the English feet. 


7. To reduce English feet to Rynland feet, add the log. 9.987514 to the log. 
of the English feet. 


8. To reduce English feet or fathoms to Swedish feet or fathoms, add the log. 
0. 011570 to the log. of the English feet. 


9. To reduce English feet to Venetian feet, add the log. 9. 943094 to the log, 
of the English feet. 


EZAPLANATION OF THE TABLES. xli, 


10. To reduce English fathoms to Venetian passi, add the log. 0. 022276 to the 


log. of the English fathoms. 


ll. To reduce English feet to Russian feet, add the log. 9.940878 to the log. 
of the English feet. 

The pages not admitting of more columns, the following Rules may be added. 

1. To reduce English feet or fathoms to Danish feet or fathoms, add the log. 
9.987501 to the log of the English feet or fathoms. 


2. To reduce English fathoms to Russian sagenes or sashes, add the log. 
9.933085 to the log. of the English fathoms. 


TABLE LIV. 


For finding the exact Greenwich Time corresponding to the true 
Lunar Distance. 


If the moon’s motion in the heavens were uniform, the true lunar distance 
would always give the corresponding Greenwich mean time by the Rule in 
page 270; but as this is not the case, when great accuracy is desired the 
interval found by the proportional logarithms should be corrected by a number 
of seconds taken from this table in the following manner :— 


Find the difference between the prop. logs. standing opposite the two 
distances in the Almanac, which include the given true distance ; with this 
difference at the top of the Table, and the approximate interval in one of the 
left columns, take out the correction in seconds, which add to the appoximate 
interval when the prop. logs are decreasing, or subtract from it when increasing, 
and the result will be the true interval. 

Examp.eE I. Required the correct time at Greenwich corresponding to 
106° 14’ 34”, the true‘distance between the sun and moon on May 6, 1866, 
(See Example I., page 274.) 

The true distance at noon by p. XITI1., of N. A., May 6, is 106° 35’ 50” its P. Log. 3152 

8 


Ditto, at IILh. ditto May 6, 105 8 44 its P.Log. 315 
TEM GVOTED) s Sasess opina sana cehiagveas tices sersbes caPtee my 
Correction in the Table opposite the approximate interval 43m. 56s.,and under 10 is 2s. 
Ditto ditto 43 656 andunder 4is |] 
Correction of the approximate interval ...... 3s. 


—_——— 


The above correction 3s. being subtracted from the approximate interval 
Oh. 43m. 56s., because the pron. logs. sre increasing, the difference Oh. 43m. 53s. 
is the true interval: hence the exact Greenwich mean time is Oh. 43m_ 53s. 

Examp se II. Required the exact Greenwich time corresponding to 77°39’ 267 
the true distance between the moon and the Star « Aquilez, on June 23, 1866, 
(See Example VII. page 294.) 

The true distance at III. hrs. by Page XVI. of Naut. Alm. is 78° 16’ 27” its P. Log. 3510 


Ditto at VI. hrs. ditto 76 56 14 its P. Log.3515 

Difference... recccccccee @eereee Ceeseesteereersere eerereoe 5 

Correction in the Table opposite the approximate interval 37m. ls. and under 5 is ...... Is, 
Ditto ditto ; and under 0 is...... 0 


Correction of the approximate interval ..... Is. 


* W 
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The correction ls. being subtracted from the approximate interval 0h.37m. Is,, 
because the prop. logs. are increasing, the difference Oh. 37m. Os. is the true 
interval; and hence the exact Greenwich mean time is 3h.37m. Os. 

Hence, in this Example, the omission of this correction would only produce 
an error of 0’ 15” in the longitude. . Cases however may occur, in which it 


would be greater. 
TABLE LV. 


To reduce the Moon’s Horizontal Parallax, or Semidiameter, to any Time 
under the Meridian of Greenwich. 


This Table contains the proportional parts to be applied to the moon’s 
horizontal parallax and semidiameter, (given in the Nautical Almanac for noon 
and midnight,) in order to reduce them to the time of observation: it is to be 
entered with the Greenwich time after noon or midnight at the top, and the 
difference in 12 hours in either side column. The proportional parts thus 
found are to be added to, or subtracted from, the horizontal parallax and 
semidiameter, at the preceding noon or midnight, according as they are increasing 
or decreasing. 


TABLE LVI. 
Latitudes and Longitudes.* 


This Table contains the latitudes and longitudes, from the meridian of 
Greenwich, of the principal ports, harbours, capes, shoals, rocks, &c. in the 
world. It is divided into sections, und arranged according to the country, sea, 
or coast, to which they belong. The manner of finding any required place, 
supposing its situation nearly known, is so obvious, that it needs no further 
explanation. 

The variation of the compass, as it stands at the present time, is occasionally 
inserted for the information of such persons as may not have an opportunity of 
finding it by observation. 


TABLE LVII. 
Times of High Water. 


This Table contains the times of high water on the full and change of the 
moon, at the principal ports, and along the coasts, particularly of Great Britain 
and Ireland, with the vertical rise of the tide in feet at spring tides; the names 
of the places being alphabetically arranged. 


* The Author, impressed with the importance of this Table, has used every exertion to 
render it as complete and correct as possible, by consulting the works of the best Navigators 
and Astronomers, at the same time comparing them with the most accurate charts and 
surveys, and by procuring the assistance of his nautical friends, from whom it has received 
considerable improvements: he therefore flatters himself the present Table may be esteemed 
not only one of the most extensive, but likewise the most correct, of any hitherto published. 
Conscious, however, that errors must exist in a Table which depends on observation (although 
he trusts they are few and inconsiderable), he takes this opportunity of earnestly requesting 
the intelligent mariner to communicate to him any he may discover; for it is only by 
the accumulated knowledge of such men, that we can hope to approach perfection on hydroe 
graphical subjects. 
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INTRODUCTION. 


NAVIGATION is that Art which instructs the mariner in what manner 
to conduct a ship through the wide and trackless ocean, from one part to 
another, with the greatest safety, and in the shortest time possible. 


It is difficult to trace the origin of this most important Art, to which a 
diversity of events might have given rise; but, in all probability, it owes 
its birth to necessity, the parent of almost every human inyention. The 
Sea Coasts, im many places, are full of islands at no great distance from 
the Continent: curiosity would naturally inspire men with an inclination 
to visit these islands, and consequently prompt them to devise means by 
which they might convey themselves from one place to another on the 
surface of the water; and as this passage did not appear either very long 
or very dangerous, they determined to attempt it: success in one of these 
efforts might encourage a second; and we are informed by Pliny, that 
anciently they sailed only among the islands, and passed over on rafts or 
logs of wood. 


As Science and Commerce advanced, the machines first used would of 
course give way to others of more improved structure and greater con- 
venience ; and hence the invention of boats and vessels of various denomi- 
nations, better adapted to the nature and extent of the voyages undertaken 
In process of time, men being convinced by experience that vessels designed 
for navigating the seas, ought to be of a different construction from those 
intended for rivers, they would make it their study to give such a form 
and solidity to ships designed for the sea, as would enable them to resist 
the impetuosity of its waves. 


‘The action of the wind, of which the effects are so sensible and so 
frequent, might soon suggest the use of sails; but the manner of adjusting 
and managing them was more difficult, and would not be so soon discovered: 
this, in fact, appears to have been the last part of the general construction 
of vessels that was found out; and this opinion seems confirmed by the 
practice of savages m the South Seas and other parts, who generally use 
only oars or paddles, but seldom have sails: such must have been the case 
in the first ages. ; 


The confusion and uncertainty in which the first navigators must have 
found themselves, when either prompted by their enterprising spirit to visit 
remote parts, or driven by the violence of storms out of the sight of land 
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would naturally induce them to study some method of finding where they 
were in such circumstances: they might soon be sensible that the inspection 
of the heavenly bodies was the only means that could afford them just con- 
clusions in this respect; in this manner, probably, Astronomy came to be 
applied to Navigation 


However, leaving these speculations respecting the rise and progress of 
Navigation, history informs us that the Phcenicians were the first who 
attained any great proficiency in the Art, especially those of ‘Tyre, their 
capital, who sent out various colonies, the principal of which settled on the 
Coast of Africa, and built Carthage, a city that in time rivalled Tyre itself. 
After the destruction of ‘Tyre by Alexander the Great, the Art was trans- 
ferred by the conqueror to Alexandria, a new city in Egypt, intended by 
him for the capital of the world; thence diffusing itself, in process of time, 
throughout the whole of the Mediterranean, and parts adjacent. 


But Navigation at that time consisted of little more than the management 
of small barks, which crept along the shore, seldom losing sight of the land: 
it was not till fhe discovery of the compass that mariners ventured to explore 
the vast ocean, and sought, as it were, for other worlds, at an immense 
distance: since that period, the Art has been continually receiving fresh 
improvements from the efforts of learned and ingenious men, both in 
respect to the construction of vessels, and the methods of working and 
conducting them; so that, at the present time, a voyage to the remotest 
part of the globe may be performed in the short space of a few months. 


Navigation may be divided into two branches: viz. Seamanship, compre- 
hending the method of managing a vessel by disposing her sails, rudder, &c. 
so that she may move in any assigned course or direction the wind or 
weather will permit; and Navigation Proper (the part we intend prin- 
cipally to treat of in the present Work), which comprehends those methods 
by which a mariner determines at any time the situation of his vessel, the 
rourse she is to be steered, and the distance she has to run, to gain her 
intended port: hence the requisites for a mariner, in order to understand 
this branch of the Nautical Art, are, a competent knowledge of the figure 
and magnitude of the earth, with the various imaginary circles drawn upon 
it, so as to be able to ascertain the distance and situation of places with 
respect to each other; the method of finding the ship’s latitude and 
longitude, either by her course and distance run, or by astronomical 
observations ; the use of various instruments, as the log, compass, half- 
minute glass, quadrant, sextant, &c.; the different allowances necessary to 
be made in estimating a ship’s way, as for leeway, variation, and currents ; 
the method of finding the time of high water at any place; the use of 
charts, both Plane and Mercator’s, with the method of constructing them; 
all of which particulars, depending upon mathematical and astronomical 
principles, with whatever relates to the practical navigator, we shall 
endeavour, in the following sheets, to explain and illustrate in such a 
manner as to render every part as clear, concise, and methodical as an Art, 
embracing such a variety of subjects, will possibly admit. 
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WHEN any quantity is considered as constituting a whole, it is called 
an integer; and when an integer is supposed to be divided 4nto a certain 
number of equal parts, any number of these parts, considered in their 
relation to the whole, is called a fraction, which is expressed by two 
numbers placed one above another with a line between them; the lower of 
these, called the denominator, denotes the number of parts into which the 
integer or whole is divided, and the upper, called the nwmerator, expresses 
how many of these parts are contained in the fraction: for instance, suppose 
a foot divided into 6 equal parts, and 4 of those parts were to be considered 
as a fraction of the whole; it would be written in numbers thus 4, where 
the figure under the line shews that the foot is divided into 6 parts, 
and the 4 above the line denotes the number of those parts contained in 
the fraction. - 


Fractions, whose denominators are 10, 100, 1000, &c that is, a unit 
with ciphers annexed to it, are called Decimal Fractions ; but with any 
other denominators they are called Vulgar Fractions. 


As the denominators of decimal fractions are always one of the numbers 
10, 100, 1000, &c., it is most convenient to write down the numerators 
only, placing before them a mark called a decimal point, to distinguish 
them from whole numbers; for the value of each place of figures will be 
known in decimals, as well as in whole numbers, by their distance from the 
decimal point ; which will appear by the following Table, where the figures 
to the left-hand of the decimal point are considered as whole numbers, and 
those to the right, decimals. 


WHOLE NUMBERS. DECIMALS. 
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Thus . 2 or :% is read two-tenths, and 87. 24, eighty-seven and twenty- 
four hundredths; the latter of these 1s called a mived number, because it 
consists of a fraction and an integral or whole number. ? 

In setting down a decimal fraction without its denominator, the numer tox 
must consist of as many places as there are ciphers in the denomina‘or; _ 
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and if it have not so many figures, the defect must be suppl'ed by settin 
ciphers before them ; thus, 7 is .3, and ro is . 16, and 7345 is .014, an 
té5o Is .005, &e. 

Hence it appears, that as ciphers on the right-hand of whole numbers 
increase their value decimally, or in a tenfold proportion, as 5, 50, 500, &c., 
so when set on the left of decimal fractions, they decrease the value 
ilecimally, or in a tenfold proportion, as .5, .05, .005, &c. But ciphers 
set on the other sides of these numbers make no alteration in their value, 

ither of increase or decrease: so 5, or 05, or 005, &c. are all of the same 
value, as are . 5, or .50, or .500, &c.; for in the latter case it is evident 
that the numerator increases in the same proportion as the denominator. 

Having thus briefly explained the nature of fractions, we shall now 
proceed to lay down the Rules necessary to be understood in the practice 
of Navigation, giving a few examples to each by way of illustration. 


ADDITION anp SUBTRACTION. 


— 


Ruiz. These are performed exactly the same as in whole numbers, 
observing always to place the decimal points in a line, so that figures of the 
same denomination may range under each other. 


EXAMPLES IN ADDITION. 


> 53. 2 65. 720. 1464 

Sef) 79. 46 246. 3 39. 

a6) 2. 304 19. 24 7.246 

. 582 127.4 121. 46 259. 1703 

2. 085 262. 364 452. 00 1025. 5627 

EXAMPLES IN SUBTRACTION. 

Py [5 246. 25 174. 176. 014 

.5 19.5 2. 561 99. 008 

25 296. 75 171. 439 “147. 006 
MULTIPLICATION. ; 


Ruxe. Multiply the given numbers together as if they were whol 
numbers, and point off as many decimals in the product, counting from the 
right-hand, as there are decimals in the multiplicand and multiplier together 
When it happens that there are not so many figures in the product as 
ss must be decimals, supply the defect by prefixing ciphers on the left 
hand. 


DECIMAL ARITHMETIC. 


or 


? 
EXAMPLES: 
»25 Multiplicand. 3.275 ., 2376 
.42 Multiplier. 29. 5 0062 
50 3 16375 Nh AvE9 
100 29475 14256 
6550 wee 
. 1050 Product. —_——— 00147312 
96. 6125 —__—_——— 
DIVISION. 


Rue. Divide as in whole numbers, observing that the divisor and 
quotient are to contain together as many decimal figures as there are 
in the dividend; if therefore the dividend have just as many places of 
decimals as the divisor, the quotient will be a whole number without any 
decimal figures. If there be more places of decimals in the dividend than 
in the divisor, point off as many figures in the quotient as there are decimals. 
in the dividend more than in the divisor, a want of places in the quotient 
being supplied with ciphers on the left-hand; and if there be more places 
of decimals in the divisor than in the dividend, add ciphers to the dividend 
to make as many places of decimals as in the divisor; then the quotient will 
be a whole number, without decimals. 


When, after the division, there is a remainder, ciphers may be added to 
the dividend, and the operation continued as before, until cither there be 
no remainder, or a sufficient degree of exactness be obtained in the quotient. 


EXAMPLES. 
Divisor. Lividend. Quotient. Divisor. Dividend. Quotient. 
6.5) 7234.5 (1113. 12.5) . 45695 (.0365 
- 65 375 
73 819 
65 750 
b4 695 
65 625 
195 os 
195 io 
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Divisor. Dividend. Quotient. Divisor. Dividend. Quotient, 
. 423 ) 476. 520 ( 1126 96) 2.30000 (. 02395 
423 1 92 
535 330 
423 | 288 
1122 920 
846 864 z 
2760 560 
2538 480 
222 30, &c. 
REDUCTION. 


To reduce a Vulgar Fraction to a Decimal of the same Value. 


Ruts. Add ciphers at pleasure to the numerator, and divide by the 
denominator; the quotient will be the decimal fraction required. 


EXAMPLES, 
Reduce § of a mile to a decimal fraction. | Reduce 33 of a degree to a decimal 
6) 3.0 fraction. 
, 60 ) 23. 000 (. 383 or 8%, nearly. 
-5 or 7s 180 
which is a decimal of the same value 500 
with the proposed vulgar fraction - 480 
200 
180 
20, &c. 


__ Every quantity may be considered as a fraction of a larger of the same 
kind: as a league the 75 of a degree; an inch, the 7y of a foot, &c.; and 
therefore may be reduced to a decimal fraction, as in the following 


EXAMPLES, * 
What decimal part of a foot is 9 inches? | What is the decimal value of 15 miles, 
12 ) 9. 00 ; considered as a fraction of a degree? 


60) 15. 00 (. 25 or ;25;. 
. 75 or 55, 120 
: 300 
: 300 


which is equal to ;°; of a foot. 


DECIMAL ARITHMETIC. J 


When the given quantity consists of several denominations, reduce them 
to the lowest, as in common Arithmetic ; likewise reduce the integer to the 
same denomination ; then proceed as before. 


EXAMPLES. 


Reduce 1 foot 6 inches to the decimal | Reduce 21 minutes 54 seconds to the 


of a yard. decimal of a degree. 
Min. Sec. Sec. 
te a ae Tard 21 54—1314 Numerator. 
12 19 1 deg. or 60 03600 Denominat. 
— ts 3600) 1314. 000 (. 365 Answer. 
18 Numerator. 36 Denominator. 10800 
23400 
36) Los, (: 5 Answer. 2] 600 
i ra 18000 
78000 


To find the Value of a Decimal Fraction in Money, Weight, Measure, Sc. 


Rue. Multiply the decimal by the number of parts of the next inferior 
denomination contained in the integer; pointing off in the product as many 
_ places for decimals, to the right-hand, as the given decimal consists of, and 
those to the left-hand will be an integer number: then multiply the 
remaining decimals by the number of parts contained in the next inferior 
denomination, and point off the decimals as before. Proceed thus till it be 
brought to the lowest denomination. 


EXAMPLES. 


What is the value of . 875 of a pound | What is the value of . 42 of a degree?? 
sterling ? 43 


. 875 60 


20 


Minutes 25. 20 


Shillings 17. 500 60 


13 
| 


Pence 6. 000 Seconds 12. 00 


Answer, 17s. 6d. 


Answer, 25 minutes 12 seconds. 


EE ea Lo 


* When tenths of a degree or minute are to be reduced into minutes. ar seconds, it may 
be expeditiously done by multiplying the tenths by 6, and the product will give the minutes 
or seconds required : for example, .5 of a degiee multiplied by 6 gives 39 minutes, and .9 of 
a minute, 54 seconds. On the contrary, to reduce minutes and seconds to tenths of a degree 
or minute, divide them by 6. 
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What is the value of . 16669 of a yard? | What is the value of . 259 of a league? 


. 259 
. 16669 3 
3 


Miles Td 
Feet . 50007 ; Mu Fs 
12 


ROR Ty Furlongs 6.216 
Inches 6. 00084 im i, 


Answer, 6 inches nearly. Yards 47. 520 
Answer, 6 furlongs 47. 52 yards. 


RULE OF THREE. : 


=e 


When three numbers are given to find a fourth proportional, the method 
by which it is performed is called the RuLE or THREE, and is the same in 
decimals as in common Arithmetic: viz. by multiplying the second and third 
terms together, and dividing the product by the first, when the quotient 
will give the fourth term, or proportional number required, of the same 
kind with the second. If the given numbers consist of several denomina- 
tions, they are to be reduced to decimals by the preceding Rules. 


EXAMPLES. 


If a ship sail 49. 5 miles in 8 hours, Suppose a watch or time-piece gain 
how many miles will she run in 24 | 14secondsin 5 days 6 hours, how much 
ns supposing her to goat the same | will it gain in 17 days 15 hours? 
rate 


6 hours — .25 ofa day. 


Hours. Miles. Hours. 15 hours = . 625 of a day. 
8: ay 7: 24 Days. Seconds. Days. 
5.25..: 14s 3). 17 6a6 
Ton ORD 17. 625 
990 70500 
&) 1188.0 ed Wis Sec 
Miles 148.5 Answer. oo tae 
| 3675 


3675 
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LOGARITHMS* are a series of artificial numbers, originally invented 
by J ohn Napier, Baron of Merchiston in Scotland, and afterwards improved 
by Mr. Briggs, in order to expedite long calculations in arithmetic; for 
by using these numbers, the tedious operations of Multiplication and 
Division are avoided, and performed by Addition and Subtraction. This 
method of calculation is called Logarithmical Arithmetic 


MULTIPLICATION, 


Rote. Add together the logarithms of the two numbers to be multiplied 
(found in Table X XIV.) and their sum will be a logarithm, the natural 
number corresponding to which will be the product required: if either the 
multiplicand or multiplier, or both of them, should consist wholly of 
decimals, and the index of the sum exceed 10, reject the 10, and the 
remainder will be the index of the logarithm answering to the product. 


EXAMPLES. 
Multiply 25 Log. 1.39794 Multiply 23.2 Log. 1.365488 
by 3 Log. 0. 47712 by -6 Log. 9. 77815] 
Product 75 Log. 1. 87506 Product 13.92 Log. i. 143639 


Multiply 3.71 Log. 0. 56937 Multiply .246 Log. 9.390935 
aary, 2.5 Log. 0. 39794 by -07 Log. 8.845098 


Product 9.275 Log. 0. 96731 Product .01722 Log. 8.236033 


DIVISION. 


tS 


Rutz. From the logarithm of the dividend subtract the logarithm of the 
divisor, and the remainder will be a logarithm, whose corresponding number 
will be the quotient required. When the index of the divisor exceeds that 
of the dividend, borrow 10, and the remainder will be the index of the 
quotient. 


* For the history, nature, and construction vf Logarithms, see the Introduction to 
D1. Hutton’s Set of Mathematical Tables; and for the manner in which they are arranged, 
and are to be taken out in this Work, see the Explanation tu Table XXIV. 
c 
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EXAMPLES. 
Divide 75 Log. 1. 87506 Divide 139. 2 Log. 2. 143639 
by 5 Log. 0. 47712 by <* 6 Log. 0. 778151 


Quotient 25 Log. 1.39794 Quotient 23.2 Log. 1.365488 


Divide 9.275 Log. 0. 96731 Divide .01722 Log. 8. 236033 
by 2.5 Log. 0. 39794 by - 07 Log. 8. 845098 


Quotient 3.71 Log. 0. 56937 Quotient .246 Log. 9. 390935 


INVOLUTION. 


ae 


Invo.uTIon is the raising of powers from a given root. When a number 
is multiplied by itself, the product is called its 2d power, or sqware ; when 
this product is multiplied by the given number, the last product is callea 
its 3d power, or cube; and when the multiplication is again repeated, 
the 4th power, and so on. ‘The Ist power, or number thus raised, is called 
the roof, and the number of the power to which the given number is raised, 
the index of that power: hence, to raise or involve a number to a given 

ower, multiply its logarithm by the index of the power to which it is to — 
& raised, and the product will be the logarithm of the power sought. 

When the given number is a decimal fraction, prefix as many ciphers, 
less one, as the index of the product wants of being 10 multiplied by the 
index of the power. 


EXAMPLES. 
Required the square, or 2d power, of 15. Required the square of . 174. 
Root 15 Log. 1. 17609 Root . 174 Log. 9. 240549 
PRUMOT Gs to's x asia dless shine 2 Index. ay aside ks cob 2 
Power 225 Log. 2. 35218 Power .030276 Log. 18. 481098 
Required the cube, or 3d power, of 2. 5. Required the 5th power of . 2. 
Root 2.5 Log. 0. 39794 Root .2 Log. 9.301030 
BUMUGK eset ces shesceeucmes 3 Indescdar rents e 5 
Power 15. 625 Log. 1.19382 | Power .00032 Log. 46. 505150 

EVOLUTION. 


Evoturton is the extracting of the root of a given power, or finding a 
number which, when raised to the given power, will produce the given 
number: it is consequently the reverse of involution, and is performed by 
dividing the logarithm of the number by the index of the power, and the 
quotient will be the logarithm of the root required. 


LOGARITHMICAL ARITHMETIC. li 


When the given number is a decimal fraction, prefix to the index of its 
logarithm a figure lessened by one than the index of the power, and divide 
the whole by the index of the power. 


' EXAMPLES. 
Required the square root of 225. Required the square, or 2d root, of 
Power 225 Log. 2) 2. 35218 3027 

————— Power . 030276 Log. 2) 18. 481098 
Root 15 Log. 1. 17609 ——_— 
: . | Root .174 Log. 9. 240549 

Required the cube root of 15. 625. Required the 5th root of . 00032. 
Power 15.625 Log. 3) 1. 19382 Power .00032 Log. 5) 46. 505150 
Root 2.5 Log. 0.39794 Root .2 Log. 9. 30103C 


RULE OF THREE. 


Ee 


Ruxxr. Add the logarithms of the second and third terms together, and 
from their sum subtract the logarithm of the first term, and the remainder 
will be the logarithm of the fourth term. - 

Or, add together the arithmetical complement* of the logarithm of the 
first term, and the logarithms of the second and third terms; the sum, 
rejecting 10 from the index, will be the logarithm of the fourth term, or 
proportional number. 

EXAMPLES. 

If a ship sail 49. 5 miles in 8 hours, Suppose a watch or time-keeper gain 
how many miles will sherun in 24 hours, | 14 seconds in 5 days 6 hours, how 
supposing her to go at the same rate? | much will it gain in 17 days 15 hours? 


As 8 hours Log. 0.90309 | As 5. 25 days Log. 0. 720159 
Is to 49. 5 miles Log. 1.69461 | Is to 14 seconds Log. 1. 146128 
So is 24 hours Log. 1.38021 | So is 17. 625 days Log. 1. 246129 
Sum 3. 07482 Sum 2. 392257 

0. 90309 0. 720159 

To 148. 5 miles Log. 2.17173 | To 47 seconds Log. 1. 672098 

Or thus, Or thus, 

As 8 hours Arith. Co. Log. 9.09691 | As5.25days Arith.Co. Log. 9. 279841 
Is to 49. 5 miles Log. 1.69461 | Is to 14 seconds Log. 1. 146128 
So is 24 hours Log. 1.38021 | So is 17. 625 days Log. 1. 246129 
To 148. 5 miles ~ Log. 2.17173 | To 47 seconds Log. 1. 672098 


NorTreE.—See these Examples worked in Decimal Arithmetic. , 


® For the method of finding the arithmetical complement of a logarithm, see Explanation 


to Table XXIV. 
ce 
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DEFINITIONS, 


I. 


GEOMETRY* is the Science or doctrine of extension, or things ex- 
tended; that is, of lines, surfaces, and solids; or it is that Science which 
treats of the descriptions, properties, and relations of magnitude in general. 


II. 


A. Pornt is that which hath no parts, being considered in Mathematics 
as indivisible, and may be expressed by a dot. 


Iil. 


A Link is that which is produced by the motion of a point, and has 
length without sensible breadth or thickness. 


LY. 


A stRAIT LINE, or ricut Ling, is that which 
hes evenly between its extremes, without changing 
its direction, and is the nearest distance between 
the two points that terminate it, as a B. 


V 


A cuRVED LINE is that which is not the nearest 


‘ ‘ D 
distance between its extremes or ends, as c D oe 


A line is generally expressed by two letters at its extremes 


VI. 


ParatuteL LINEs are such as are in the same 
direction, being in every part at the same distance 9 A———_______, 
from each other, and which, if infinitely extended, c 


—-b 
would never meet; as the lines az, cp. 


* Geometry originally meant nothing more than the Art of measuring the earth, and is 
said to have been invented by the Egyptians, who had recourse to it in order to ascertain the 
artificial boundaries of their land, which were entirely obliterated by the annual inundation 
of the Nile; but the Science, in its present extended sense, constitutes the principal foundatiou 
of all the Mathematics. 
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VII. 


A Superricigs, or Surrack, is that which is conceived to have length 
and breadth only, without any consideration of thickness, and its boundaries 
are lines. 


VIII. 


A Puane Surerriciss is that which lies evenly between its extremes. 
so that a right line may wholly coincide with it in all parts and directions. 


TX. 


A So tp is that which hath length, breadth, and thickness, and its bounds 
or extremes are Superficies. 


X. 


A Circte is a plane figure bounded by a curved 
line, called the cIncCUMFERENCE, aS ABD, which 
is in every part equally distant from a point within 
it, called the CENTRE, asc; it is formed by the 
revolution of a line about one of its extremities, 
which remains fixed. 


‘The circumference of itself is often called the 
circle, although properly the circle is the space 
contained within the circumference. 


The circumference of every circle is usually supposed to be divided into 
360 equal parts, called pEcREES; each degree into 60 equal parts, called 
MINUTES ; each minute into 60 equal parts, called sEcoNnDs ; and so on. 


Degrees, minutes, and seconds, are thus expressed, 40° 32’ 15”; that is 
40 degrees, 32 minutes, and 15 seconds. 


XI. 
¥ 
An Arcu or Arc of a Circle is any part of the 
circumference, as D F E. D eens E 
A Cnorp is a mght line joining the ends of an. pi 
Arch, as D£; it divides the Circle into two unequal i ppv 


~. 
PS momen 


parts, called sFCMENTS ; as DF E and DG E. 
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XIII. > 


A DiAMETER 1s a rignt line drawn through the 
centre of a circle, and terminated at both ends by 
the circumference, as acs; it divides the circle 
into two equal parts, called SEMICIRCLES; as AG B A - B 


and AFB. 
\ y 
XIV. Se 


A QuaprantT is half a semicircle, or the fourth = 
part of the whole circle, as Acc or GCB. 


XV. 


A Raptvs, or SEMIDIAMETER, is a right line drawn from the centre to 
any part of the circumference, and 1s the extent taken in the compasses 
to describe a circle, as C A, CG, or CB. 


A 
XVI. [ug 
A Srcror is any part of a circle comprehended . 


between two radii and their included arch, as a c B. \ 


-* 
*. oo 
Toe eeweensett” 


XVII. B 


An ANGLE is the inclination or opening of two 
lines meeting in one point: the point where they 
meet is called the ANGULAR POINT, as A; and the 
lines that include it, the sIDES or LEGS, aS AB, 
or AC. gf APM ENE os 


XVIII. 


An Angle is sometimes expressed by three letters, the middle one always 
denoting the angular point, and the other two the legs that include it; but 


Bsnrray by the letter at the angular point only; as the angle B ac, or the 
angle a. 


XIX. 


An angle is measured by an arch of a circle 

contained between its legs, making the angular 

oint the centre of the circle; thus the arch a. 
Is the measure of the angle ac B. 
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XX. Sue 
Angles are said to be equal to each other when s 
the arches that measure them are equal, as the \ 
angles ac B and DEF. Pn 
XX1. 


One angle is esteemed greater or less than 
another, according as the arch between its legs is 
greater or less; thus the angle ¢H1 is greater than 
the angles ac B or DEF. 


From the preceding Definitions it will appear evident that the measure 
of an angle does not depend on the length of its legs, but on their incli- 
nation only; for, as we have just seen, the angle c u1 is greater than the 
angles ac B or DEF, although the legs of the latter are longer than those 
of the former. 


XXII. 


As all circles are supposed to be divided into 360 equal parts, called 
degrees, &c. a certain number of these divisions will be contained between 
the two legs of the angle; wherefore an angle is said to measure so many 
degrees, minutes, &c. as are contained in the arch between the legs. 


XXIII. 


The arch which measures an angle may be described with any radius ; 
for, since the whole circumference of every circle is supposed to be divided 
into the same number of parts, it hence follows that the divisions will be 
greater or less in the same proportion as the whole circumference. 


XXIV. . 


‘When one right line falls upon another, so as jp. 
to make the angles on each side of it equal, it is 
called a RERPENDICULAR, and the angles formed “ 
by these lines, as the angles a c p, pc 8, are called Va 
RIGHT ANGLES; now as the semicircle apBcon- / 
tains 180 degrees (the half of 360), all right angles _[ __ 
will contain an arch of 90 degrees, equal to the 4 
fourth part of the whole circle. 


{6 PRACTICAL GEOMETRY. 


XXV. 


An acute ANGLE 1s that which contains less 
than a right angle, or 90 degrees, as the angle 
CAB 


XXVI. 


An ostusgE ANGLE is that which contains 
more than a right angie, or 90 degrees, as the 
angle F D E. 


X XVII. Poke 2 


Acute and obtuse angles are called opL1qguE ANGLES. 


XXVIII. 


The Srne or RIGHT Sine of an arch is a 
right line drawn from one extreme of the arch, - 
perpendicular to a diameter drawn to the / 
other extremity, and is equal to half the chord 
of double the arch; thus pe is the sine of |: | 
the arch pB, and is equal to half the chord {00 C: Ek 
pI of double the arch p BI. ' 


a 


~. 
~ - 
Nag OR) le ee 
. abet Serr eee 


X XIX. 


The versep Srve of an arch is that part of a diameter contained 
between the sine and the arch; thus EB is the versed sine of the arch p B. 


XXX. 


The TanceEnt of an arch is a right line drawn perpendicular to the end 
of a diameter passing through one extremity of the arch, and continued 
till it meet a right line drawn from the centre through the other end of 
the arch; thus a B is the tangent of the arch p B. 


~ 


XXXII. 


The Srcant of an arch is a right line drawn from the centre through 
one end of the arch, till it meet the tangent drawn from the other end; 
thus c a is the secant of the arch px. 
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XXXII 


The Compixemenrt of an arch is what it wants of a right angle, or 90 
_ degrees; thus c p is the complement of p B, or p B of Dé. 


>>. OH os 


The SurrLeMeENtT of an arch is what it wants of two right angles, or 
180 degrees; thus 1 p is the supplement of p B, or DB of LD. 


XXXIV. 


The Co. Sinz, Co. Tancent, Co. Secant, and Co. VERsED SINE of 
an arch, is the sine, tangent, secant, and versed sine of the complement of 
that arch; Co. being a contraction of the word complement: thus pF is 
_ the co. sine, cH the co. tangent, cu the co. secant, and ce F the co. versed 

sine, of the arch p B; being the sine, tangent, &c. of the arch pe, the 
complement of the arch p B. 

The sine, tangent, and secant of an arch, as of p B, is likewise the sine, 

tangent, and secant of the supplement of that arch, as of tL p. 


XXXY. 


An angle being measured by an arch of a circle, (see Def. XIX.) the 
sine, tangent, &c. of an arch is the sine, tangent, &c. of the angle which 
is measured by the arch, or of the degrees and minutes, &c. that the arch 
contains; hence, supposing the arch p B, which measures the angle pc B, 
to contain 5() degrees, the lines D E, a B, Ac, and © B, will be respectively 
the sine, tangent, secant, and versed sine of the angle acs, or of 50 
degrees; and consequently the co. sine, co. tangent, co. secant, and co. 
versed sine, of the angle cc p, or of 40 degrees, the complement of 50 


degrees. 
XXXVI. 


A Priane TRIANGLE is a figure bounded by three right lines. and con 
tains three angles, of which there are several kinds, both with respect te 
their sides and angles 


XX XVII. z 


An EauiLraTeraL TRIANGLE ts that which 
has its three sides equal to one another, as a Bc. 


Bf. ee ee 
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XX XVIII. F 
An IsoscELEs TRIANGLE is that which 
has only two sides equal, as DEF. , 
D os 
XXXIX. ' 


A ScatEnE TRIANGLE is that whose 
sides are all unequal, as GHI. 


om 
[7 
an 


XI. 


A Ricut ANGLED TRIANGLE is that 
which has one of its angles right, or con- 
taining 90 degrees, as the angle a; the side 
opposite the right angle is called the Hyro- 
THENUSE, as BC; and the other two sides 
are called Lxes, that which stands upright, 
the PERPENDICULAR, as AC, and the other, 
the Bask, as BA. 


XLI. 


An Acute ANGLED TRIANGLE is that 
which has all its Angles acute, as DEF. 


XLII. 
i 
An OBTUSE ANGLED TRIANGLE is that 
which has one of its angles obtuse, as the W 
angle H in the triangle G 11. is / 
XLII. 


All triangles that are not right angled, whether they are acute or obtuse, 
are, in general terms, called OBLiquE ANGLED TRIANGLES, without any 
other distinction. 
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PROBLEMS. 


PROBLEM I. 


19 


T'o divide a given right Line a B into two equal Parts. 


Take any extent in the compasses greater 
than half the line a 8, and with one foot in 
B describe an arch; with the same radius, 
and one foot in a, describe an arch cutting 
the former in c and p; through c and pv 
draw a right line, and this line will divide the 
given line aB into two equal parts at the 
point E. 


In this manner any arch of a circle may 
be divided into two equal parts. 


PROBLEM II. 


From a given Point c, in a given right Line aB, to raise 


a Perpendicular. 


Case Ist. When the given point c is near 
the middle of the line a zs. 

With one foot of the compasses in c, at 
any distance, draw an arch cutting the line 
ABin D and E; from the points p and £, 
with any distance greater than cE or cD, 
describe two arches cutting each other in F; 
through the points F and c draw the line rc, 
and it will be perpendicular to the given line 


AB. 


CasE 2d. When the given point c is at, 
or near the end of the line a B. 

Take any point out of the line, as p, and 
with the distance pc describe a circle, 
cutting the line a B in E and c; through 
the centre p and the point E draw the right 
line EF, cutting the circle in F; then a line 
drawn througk F and c will be the perpen- 
dicular required 

v2 
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Or thus: Describe the arch DE at any 
distance from c, and with one foot of the 
compasses in D, with the same extent, de- 
scribe an arch cutting the arch DE in E; from 
this point, keeping the same extent in the 
compasses, draw the arch c; through pb 
and § draw the right line pc, cutting the 
arch in c; then draw a right line through 
c and c, and it will be tie perpendicular 4 
required. 


PROBLEM III. 


From a given Point c to let fall a Perpendicular on a given 
right Line aB. 


Case Ist. When the point c is nearly 
opposite the middle of the line a B. 
ith one foot of the compasses in c, 
describe an arch cutting the line a B in D and 
E; from these points, at any distance, describe 
two arches cutting each other in rv; through 
the points c and F draw a right line, and it 
will be perpendicular to the given line a B. 


Case 2d. When the given point c is nearly 
opposite to the end of the line a B. 

Place one foot of the compasses in any 
part of the given line, as at a, and with 
the distance ac describe the arch cE; then, 
from any other part of the given line nearly 
under the point c, as at p, with the distance 
pc describe a small arch cutting the arch 
cE in E; then a line drawn through the 
points c and £ will be perpendicular to the 
line a B. fue 


at 
onee*” 


PROBLEM IV. 
To draw a right Line parallel to a given right Line a B. 


Case Ist. When the parallel line is to pass E 
sone a given point pb. 

Take the nearest distance between the given 
pont p and the right line az; with that , se 
distance set one foot of the compasses un any C 
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part of the line a B, as atc, and describe the arch £; from the point p 

draw a line so as just to touch the arch E without cutting it, and that line 

will be parallel to the given line a8 through the given point p. 
Case 2d. When the parallel line is to be D 

at a given distance from the right line a B. ws ——— 
With the given distance in the compasses, 

describe two arches, p and E, from any two 

points, as F and c in the given right lme; ~  p- © q@ 

then a line p E drawn just touching the two 

arches without cutting them, will be parallel to 

the given line a B. 


PROBLEM V. 


At a given Point v in the right Line pF, to make an Angle Ep F 
equal to a given Angle CBa. 


With one foot of the compasses in B, at any 
distance, describe the arch c u; through p draw 
the line pF, and keeping the same extent in 
the compasses, place one foot in p, and describe 
the arch in 1x; then take the distance cH, 
apply it to the arch 1 x from xk to 1, and through 
the points p and 1 draw the line pE; the angle 
F oF will then be equal to the angle cB 4, as 
was required. 


PROBLEM VI. 


To divide a given Angle a Bc into two equal Parts. 


From the angular point 8, with any extent 
in the compasses, describe the arch p E; from 
D and E, with the same or any other extent, 
describe two arches cutting each other in F; 
through the points B and F draw a right line, 
and it will divide the angle into two equal 
parts. 

In the same manner any given arch of a 
circle is bisected, when the centre of the circle 
is given. 
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PROBLEM VII. 


To divide a Circle a3cp into two, four, eight, sixteen, thirty-two, &c. 
equal Parts. 


Draw a diameter az, and it will divide 
the circle into two equal parts; from the 
points a and B describe the arches at c and p; 
a line drawn through these will divide the 
circle into four equal parts; then bisect the _>. 
arches ac, cB, &c. by the last problem, andj 
the circle will be divided into eight equal A 
parts, and so on by continual bisections. 

This problem is useful in constructing -.,<’\ 
the Mariner’s Compass. : 


PROBLEM VIII. 


To draw the Circumference of a Circle through any three given 
Points a, 8, c, not situated in a right Line. 


Draw lines joining a B and BC, and bisect 
them by lines meeting in o, as directed in 
Problem I.; then from o, at the distance of , 
any one of the points, as o a, describe a / 
circle, and it will pass through the other } 
points B and c, as required. 

In this manner the centre of a circle may 
be found ; for, taking any three points in the 
circumference, and proceeding as before 
directed, the lines meeting at o will give the 
centre required. 


PROBLEM IX. 
To divide a given Line aB into any proposed Number of equal Faris. 


Let it be required to divide the line a B 
into seven equal parts; from one end 4, of the 


given line a B, draw a right line ac, making , Ae : eek 
any angle with a B, and from the other end 6 38h mat tie 

B draw a line BD parallel to ac; on each of , 3 ee COONUON A Cpa 
the lines ac, BD, beginning ata and B, set YY YY 4 ee es) 
off as many equal parts as AaB is to be \ \ \_d--3 2 
divided into, viz. seven; then lines drawn — 75 ; 


from a to 7, 1 to 6, 2 to 5, 3 to 4, &e. will 2% 
divide the given line into seven equal parts. 
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PROBLEM X. 
To construct Scales of equal Purés. 


The simplest scale of equal parts is made by drawing a strait line, an 
dividing it with a pair of compasses into as many primary divisions as con- 
venient, which, if the line be of a definite length, may be done by Prob. IX., 
and subdividing one of these decimally, or into ten equal parts; then each 
of the former may represent 10 units, as leagues, miles, &c., and in that 
case the latter will represent one of these units: or if the larger divisions 
pe supposed to be 100, then the subdivisions will be tens, and so on. 
Suppose, for example, it were required to set off from the Scale 25 or 250: 
set one foot of a pair of compasses on 2 among the primary divisions, and 
the other on the 5th subdivision; then this extent will represent 25 or 250 
miles, leagues, or any other measure of length, as may be required. 

There are frequently several of these scales drawn parallel to each other, 
of different lengths, on a flat rule, (as Fig. 1, Plate I.); they are divided 
into as many equal parts as the length of the rule will admit; the numbers 
placed on the left hand shewing how many parts in an inch each scale is 
divided into. These scales are sometimes subdivided duodecimally, to adapt 
them to feet and inches when used in Mensuration; or sexagesimally, to 
represent degrees and miles on Maps and Charts. 

But the most correct scale of equal parts is the DIAGONAL SCALE 
(Fig. 2, Plate I.), the larger divisions of which are commonly an inch or 
half an inch, and sometimes a quarter of an inch, subdivided into one 
hundred equal parts. ‘To construct this scale, draw eleven equidistant 
parallel lines; divide the upper of these lines aE into such a number of 
equal parts as the scale is intended to contain; from each of these divisions 
draw perpendicular lines through the eleven parallels to the line c F; sub- 
divide the first of these divisions a 8 and cp into ten equal parts, and from 
the point c to the first division in the line a 8, draw a diagonal right line, 
and lines parallel to this through each succeeding subdivision; then will 
each diagonal line, in passing from the line B a to Dc, be one-tenth of the 
subdivisions further from the line p B, at the points where they intersect 
each succeeding parallel from Ba to pc, that is, one hundredth of the 
larger divisions, by which means it is divided into one hundred equal parts 

If, therefore, the larger divisions be accounted as units, the first sub- 
divisions will be tenths, and the second, marked by the diagonals upon the 
parallels, hundredth parts; but if we suppose each of the larger divisions 
to represent ten, then the first subdivisions will be units, and the second 
tenths ; or if the larger divisions be hundreds, then will the first subdivisions 
be tens, and the second units ; so that the value of the subdivisions depends 
on that of the larger divisions. 

The numbers 376, 37.6, 3.'76, may therefore all be expressed by the 
same extent of the compasses: thus, setting one foot in the line marked 3 
of the larger divisions, on the sixth parallel, and extending the other along 
the same parallel to the seventh diagonal, that distance will be the extent 
required ; for if the three larger divisions be taken for 300 seven of the 
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first subdivisions will be 70, which. upon the sixth parallel, taking in six 
of the second subdivisions for units. make the whole number 376; or if 
the three larger divisions be taken for 30, seven of the first subdivisions 
will be seven units, and the six subdivisions, upon the sixth parallel, will 
be six-tenths of a unit: lastly, if three larger divisions be esteemed as only 
3, then will the first subdivisions be seven-tenths, and the six second sub 

divisions be the six-hundredth parts of a unit. . 


PROBLEM XI. 
To construct Lines of Chords, Sines, &c. 


Describe a semicircle a p B with any convenient radius (Fig. 3, Plate I.), 
and upon the centre c erect the perpendicular c p, continued at pleasure 
to F; through g draw BE parallel to c F, and draw the right lines a p and 
pB. Divide the quadrant p 8B into 9 equal parts, and with one foot of the 
compasses in B and the distances B 10, B 20, &c. transfer them to the right 
line B Dp, which will be a Line or Cuorps. 

Divide the quadrant ap into 8 equal parts, and with one foot of the 
compasses in a, and the distance al, a 2, &c. transfer them to the right 
line a D, and it will be a Linz or Ruvumss, containing eight points of the 
compass. 

From the points 10, 20, 30, &c. in the arch Bp, draw lines parallel to 
Dc, which will divide the radius c B into a Liner oF SINEs, reckoning from 
c to B, or of VERSED Sinks, if it be numbered from zB to c; which may be 
continued to 180, if the same divisions be transferred to the line c a, the 
other half of the diameter. 

From the centre c draw right lines through the several divisions of the 
quadrant p B, until they cut the line BE, which will become a LINE oF 
TANGENTs.* 

Transfer the distances between the centre c and the divisions on the 
fine of tangents, to the line p F, and these will give the divisions of the 
LINE OF SECANTs, which must be numbered from p towards F. 

From a draw right lines through the several divisions of the arch Bp, 
and they will divide the radius c p into a LINE oF SEMI-TANGENTs, which 
are to be marked with the corresponding figures of the arch p B. 

Divide the radius ac into 6 equal parts; through each of these draw 
lines parallel to cD, intersecting the arch ap; then, with one foot of the 
compasses in a, and the distances of the arch a 50, a 40, &c. transfer 
these to the right line ap, and it will give the divisions of the Linz or 
LonGITUDE. 

If this line be laid upon the scale close to the line of chords, so that 60 on 
the line of longitude be opposite o on the chords, and any degree of latitude 
be counted on the chords, there will stand opposite to it, on the line of 
longitude, the miles contained in one degree of longitude in that latitude ; 
the measure of a degree at the Equator being 60 miles. 


—-——: 


* From the construction of the lines of chords, sines, and tangents, it is obvious that the 
chord of 60°, the sine of 90°, and the tangent of 45°, are all equal to the radius of the eircle 
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In the figure the divisions are given only to every tenth degree, and 
each point of the compass, which is sufficient to explain the method of 
Construction ; but in Figure 4, these lines are graduated to degrees, and 
the rhumbs to quarters, and placed parallel, as exhibited on one side of a 
flat rule, which, with the scale of equal parts on the other side, constitutes 
the instrument called a PLANE ScaLe. . 

Besides the lines already mentioned, there are frequently on the Plane 
Scale a line of leagues, and a few other lines, which are only so many 
scales of equal parts, each having the equal divisions of different lengths, 
for the more readily laying down lines and figures of different lengths and 
magnitudes. 


PROBLEM XII. 


Lo make an Angle that shall contain any proposed Number 
of Degrees. 


CasE Ist. When the given angle is right, 
that is, contains 90 degrees. 

Draw the line a 8B, and from the scale take the 
extent of the chord of 60 degrees in the com- 
passes; then set one foot of the compasses in a, 
and with the other describe the arch E p, and set 
off thereon, from £ to p, the distance of the chord 
of 90°; through « and p draw the right line a c, 
then will the angle 8 ac be aright angle. By this 
method a perpendicular may easily be raised on a 
given line, since the angle formed by one line that 
is perpendicular to another, is always a right angle 

CasE 2d. When the angle is to be acute; 
suppose one that shall contain 48 degrees. 

Draw the line as, and with one foot of the 
compasses in A (the chord of 60 degrees being 
taken as before), draw the arch £ p, on which set 
off 48 degrees from E to p; through a and p 
draw the right line ac; then will the angle 8B ac 
be made, containing 48 degrees, as was required. 

Casxr 3d. When the angle is to be 
obtuse; suppose one that shall contain 
126° 30’. 

Draw aB, and from the point a, 
with the chord of 60°, as before, draw 
the arch p E, and, as the divisions on 
the scale extend no further than. 90°, 
first set off 90° from E to F; then set 
off the remainder, or excess above 90°; 
that is, 36° 30’, from F to p; through 
A and p draw the line ac, and the 
angle B ac will contain 126° 30’. 


i 
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PROBLEM XIII. 
To measure a given Angle Bac. 


With one foot of the compasses in the angular point, and with the chord 
of 60 degrees, describe the arch p £. (see the Figures in Problem XII.) 
cutting the legs in p and x; then the distance p £ applied to the line of 
chords, from the beginning, will shew the measure of the angle B ac, if it 
contain less than 90 degrees; but when the arch exceeds that quantity, 
take 90 degrees from the line of chords, and set it off from = to F; then 
measure the excess p F, and their sum will give the measure of the angle 
required. 

The construction of triangles will be explained in ‘Trigonometry ; but 
before the learner begin that subject, we would recommend him, if he 
have time, to study the use of Gunter’s Scales and the Sector, as these 
instruments will afford him easy, elegant, and concise methods of resolving 
triangles. 


DESCRIPTION AND USE OF GUNTER’S 
SCALES. 


a ies ae 


OF THE COMMON GUNTER. 


Tus instrument is a flat rule, usually two feet in length, and about an 
inch and a half broad, having on one side equal parts, rhumbs, chords, &c. 
as on the Plane Scale: and on the other the logarithms of these numbers : 
hence the lines on this side are called logarithmic lines. They were 
invented by Mr. Edmund Gunter, who applied the logarithms of numbers, 
and of sines and tangents, to strait lines, by taking the lengths expressed 
by the figures in those logarithms from a scale of equal parts, and applying 
them to lines, as laid down on the Rule. 

On the logarithmic side of the common Gunter are the eight following 
lines: 

1. A Line of Sine Rhumbs, marked s. R., which contains the logarithms 
of the natural sines of every point and quarter point of the compass, 
numbered from the left hand towards the right, with 1, 2, 3, 4, 5, 6, '7, 8, 
where a brass pin is fixed. 

2. A Line of Tangent Rhumbs, marked tT. R., corresponding to the 
logarithms of the tangent of every point and quarter point of the compass. 
This line is numbered 1, 2, 3, 4, from left to right, and back agai with 
5, 6, '7, from the right towards the left. To take off any number of points 
below 4, we must reckon from the 1 towards the right hand; but any 
number of points above 4 we count towards the left hand. 

3. A Line of Numbers, marked Num., on which most of the others 
depend, contains the logarithms of numbers, and is, figured from the left 
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hand of the scale towards the right to 1 or 10, near the middle of the scale; 
these divisions are subdivided into ten unequal parts, and these again into 
ten, five, or two parts, as room will permit: the whole of these divisions 
and subdivisions are repeated from the middle towards the right hand, 
being exactly of the same lengths, but ten times the value of the corre- 
sponding numbers in the first part. 

If the 1 at the beginning of the line represent 1 unit, the next primary 
division, marked 2, will represent 2 units, and the middle 1 will be 10, the 
following 2 will be 20, the 3 will stand for 30, and so on, the 10 at the 
right hand representing 100. If the left hand 1 stands for 10, then the 2 
will stand for 20, the 3 for 30, the middle 1 for 100, the following 2 for 
200, and the 10 on the right hand for 1000; in like manner, if the first 
1 be esteemed 1 tenth, the next following 2 will be 2 tenths, the middle 1 
will be 1 unit, the next 2 will be 2 units, and the 10 at the end will be 10 
units. Again, if the first 1 be counted 1 hundredth part, the next 2 will 
be 2 hundredth parts, the middle 1 will stand for 10 hundredth parts, or 
1 tenth, the next 2 for 2 tenths, and the 10 at the end will stand for 
1 unit, or whole number. 

It is manifest that the value of the subdivisions must depend on that of 
the primary divisions; for, suppose the first 1 at the left hand be reckoned 
for 1 unit, then the first following principal subdivision will be 1 tenth, the 
second 2 tenths, and so on to the next primary division, which will represent 
2 units; reckoning on in the same manner till you come to the middle 1, 
which will represent 10, then the next following principal subdivision will 
be 11, the next 12, where a brass pin is fixed ; the next primary division 
20, and so on to 100: and in the same way will the smaller subdivisions 
be valued. | 

As this line is of great importance, we shall add a few examples, to rendet 
what has been said the more clear. Suppose the point representing 25 be 
required :—the primary division 2 on either half is to be reckoned for 20; 
then counting forwards to the right, to the fifth principal subdivision, that 
point. will represent 25, or 250, or 2500, &c. Again, let the point 
representing 146 be required. Here the 1 at the beginning, or in the 
middle, may be esteemed 100, the fourth principal subdivision on the right 
will then be 140, and because the interval between 140 and 150 is divided 
into 5 parts, each will be valued as 2; therefore, counting forwards 3 of 
these latter subdivisions, that point will represent 146. 

Once more; suppose the place of 1785 be required :—the one at the 
beginning or middle is to be taken as 1000, the seventh following principal - 
subdivision will be 1700; the fourth following smaller subdivision will be 
1780, and the fourth part of the next smaller subdivision will be the point 
representing 1785. 

4. A Line of Sines, marked s1n., beginning at the left hand, and 
numbered towards the right at each degree as far as 10, and then at each 
10th degree to 90: the subdivisions under 10 degrees are usually 10 
minutes; from 10 to 20 each is a quarter of a degree; from 20 to 40 each 
is half a degree; from 40 to 80 each is 1 degree; and from 80 to 90 
each is 5 degrees. ne 

EK 
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5 A Line of Versed Sines, marked v. s.: it is numbered from the right 
towards the left, at each 10th degree as far as 160; the subdivisions from 
20 to 90 are usually each two degrees ; from 90 to 140 one degree; and 
from 140 to the end half a degree. 

6.A Line of Tangents, marked TAN.: it is numbered from the left 
hand towards the right as far as 45 degrees, which is equal to radius, or 
the sine of 90 degrees; and, since the log. tangent of an arch above 44 
degrees is the arithmetical complement of the tangent of an arch as much 
less than 45 degrees, the same division represents 40 or 50 degrees, 30 and 
60, and so on; for if the line of tangents were continued beyond 45 on the 
right, the divisions would be exactly the same length, only reversing the 
order: therefore, instead of such continuation, it is more convenient to 
reckon the degrees above 45 backwards, or from right to left, observing at 
the same time that the degrees above 45 are to be supposed, when using 
the line, increasing towards the right hand, as in the other parts of the line. 

The subdivisions on this line are nearly the same as on the line of sines; 
indeed these, as well as the other lines, are variously subdivided on different 
scales, according to the accuracy and goodness of the instrument. 

7. A Line of Meridional Parts, marked MEx., reckoned from right to 
left, each larger division representing 10 degrees, and the smaller each 
1 degree, or 60 meridional miles. 

8. A Line of equal Parts, marked &£. p., numbered from right to left, 
each large division representing 10 degrees of the equator, or 600 miles. 
The first of these divisions is sometimes divided into 10 equal parts, each 
representing a degree, or 60 miles, and these again into halves or quarters 
of 30 or 15 miles each. 


USE OF THE LINE OF NUMBERS. 


Multiplication is performed on this line by extending the compasses 
from 1 to cither of the factors*, and that extent will reach from the other 
factor to the product. 

Suppose, for example, it were required to find the product of 16 multi- 
plied by 5: set one foot of the compasses in 1, and the other in 5, then 
that extent will reach from 16 to 80, the product required. 

When the product contains four figures, the fourth cannot be well 
ascertained by the scale, but it may be easily found by multiplying the unit 
figures of the factors, and the unit figure of their product will be that of 
the product required. For example, suppose it were required to find the 
product of 22 by 16; the extent from 1 to 16 will reach from 22 to about 
350, but as the divisions are too small to distinguish the last figure, there- 
fore multiply 2 by 6, which will give the product 12; hence the product 
required is 352. 

Division being the reverse of Multiplication, extend from the divisor to 1, 
and that extent will reach frem the dividend to the quotient. 


— 


* The factors are numbers multiplied, of which one is called the multiplier, and the other 
the multiplicand. 
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Example—Divide 80 by 5. Extend from 5 to 1, and that extent will 
reach from 80 to 16, the quotient required. 

To reduce a Vulgar Fraction to a Decimal, extend from the denominator 
to the numerator, and that extent will reach from. 1 to the decimal fraction 
required. 

Example—Required the decimal fraction equal to 3. Extend from 4 
to 3, and that extent will reach the same way from 1 to .75, the decimal 
required. 

T’o perform the Rule of Three—State the question so that the first and 
third terms may be of the same name ; then the fourth term will be of the 
same name with the second, and greater or less than the second, as the 
third is greater or less than the first; then extend the compasses from the 
first to the third term, and that extent will reach from the second to the 
fourth term. 

Example—If a ship sail at the rate of 26 miles in 3 hours, how many 
miles will she sail in 24 hours ? 

Here, as 3 hours is to 26 miles, so is 24 hours to the answer; therefore, 
extend from 3 to 24, and that extent will reach from 26 to 208, the miles 
required. 

To find the area, or superficial content of a square, or rectangle, extend 
from 1 to the breadth, and that extent will reach from the Jength to the 
superficial]. content. 

Example—Suppose a board or plank measure 18 inches broad, and 25 
feet in length, required the superficial content. 

Extend from 1 to 1.5, (= 1 foot 6 inches), and that extent will reach 
from 25 feet to 37.5, or 37 feet 6 inches, the contents reauired. 

To find the solid contents of a bale, box, chest, Nc. or any other 
rectangular solid, extend from 1 to the breadth, and that extent will reach 
from the length to a fourth number; then extend from 1 to the depth, 
and that extent will reach from the fourth number to the solid contents. 

Example—Required the solid contents of a box measuring 3 feet broad, 
5. 5 feet long, and 2 feet in depth. 

Extend from 1 to 3, and that extent will reach from 5.5 to 16.5; then 
extend from 1 to 2, and that extent will reach from 16.5 to 33 feet, the 


solid contents 


USE OF THE LINES OF SINES AND TANGENTS. 


‘These lines are used with the line of numbers in working proportions 
Trigonometry, by the Rule above, as will be fully exemplified when 
treat on that subject. 


USE OF THE LINE OF VERSED SINES. 


This line is used with the line of sines in resolving a spherical triangle 
when the three sides are given to find the angles, or the three angles, to find 
the sides, as will be explained in the methods of working an azimuth, 
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USE OF THE LINES OF MERIDIONAL AND EQUAL PARTS. 


These lines are always used together, and only in Mercator’s Sailing, or 
in constructing a Mercator’s Chart. When the meridional parts answering 
to a given latitude are required, they are found by taking the extent from the 
beginning of the line of meridional parts to the given latitude: this extent 
being applied to the line of equal parts will give, in degrees, the meridiona. 
parts required. Or, if the meridional difference of latitude between two 
places be wanted, the extent from cne latitude to the other on the line of 
meridional parts will give, when applied to the line of equal parts, the 
meridional difference of latitude in degrees, which are to be reduced to 
miles. 


=e 


OF THE SLIDING GUNTER. 


This instrument is nearly of the same dimensions as the common 
Gunter, but consists of three pieces of wood; the extreme pieces being 
connected by thin plates of brass at each end, and the third made to slide in 
grooves between them. ‘The lines on this scale are constructed and 
graduated as on the Plane Scale and common Gunter: we shall therefore only 
remark here, that there are two lines of numbers, sines, and tangents—one 
on the fixed part of the scale, and the other on the slide—and that there: is 
likewise a third line of numbers on the slide opposite a line of sine rhumbs 


USE OF THE LINE OF NUMBERS. 


To perform Multiplication by these lines, set 1 on the sliding line to one 
of the factors on the fixed line; then opposite the other factor on the slide 
will be found the product on the fixed line. 

Example—To find the product of 16 multiplied by 5, draw out the slide 
until 1, on its line of numbers, coincide with 5 on the fixed line; then 
opposite 16 on the sliding line, will be 80 on the fixed line. 

Division is performed by drawing out the slide until the divisor on its line 
coincide with the dividend on the fixed line; then opposite to 1 on the 
sliding line will be the quotient on the fixed line. 

Example—To divide 124 by 4, set 4 on the sliding line to coincide with 
124 on the fixed line; then opposite to 1 on the slide will be 31 on the fixed 
line, which is the quotient required. 

To work the Rule of Three, let the question be stated so that the first 
and third terms may be of the same name, then the fourth term will con- 
sequently be of the same name with the second, and greater or less than 
the second, as the third is greater or less than the first. Now, set the first 
term on the sliding line opposite to the third term on the fixed line, and the 
fourth term will be found on the fixed line, opposite to the third term on the 
sliding line. - 

Examples—If 3 yards of cloth cost 21 shillings. what will be the value 
of 27 yards? Now, as 3 yards : 21 shs. :: 27 yds. : the answer; therefore 
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set 3 on the sliding line of numbers to 27 on the fixed line, then opposite to 
21 on the sliding line will be found 189 on the fixed line, the fourth term or 
number of shillings required, equal to £9. 9s. Again, suppose a slip sail 
170 miles in 24 hours, at what rate is that per hour? As 24hrs. - 170 
miles :: 1 hour : the answer. Set 24 on the sliding line of numbers to 1 
on the fixed line; then opposite to 170 on the sliding line is 7;4 on the fixed 
line, the miles and parts that the ship sails per hour. 


DESCRIPTION AND USE OF THE SECTOR 


—2 ie 


THIs instrument is formed of two equal rules or legs, moveable about 
a centre or joint, on the faces of which are drawn several lines or scales, 
some proceeding from the centre, called sEcroraL L1INEs, and others 
parallel to the edge of the rules, similar to those laid down upon a common 
Gunter. 

The sectoral lines are drawn twice on the same face of the instrument, 
that is, once on each leg; those on one face are, 1. ‘T'wo sca.es of equal 
parts, marked Lin. or L. ; each of these scales, from the great extensiveness 
of its use, is called the Linz or Lines. 2. Two lines of chords, marked 
Cuo. or C. 3. Two lines of secants marked Src. or S. 4. Two lines of 
polygons, marked Port.—Upon the other face the sectoral lines are, 
1. Two lines of sines, marked S1n. or S. 2. Two lines of tangents, marked 
Tan. or T. 3. Between the lines of tangents and sines, two other lines of 
tangents, marked ¢, to a less radius, to supply the defect of the former, and 
extending from 45 to about 75 degrees. 

The lines of chords, sines, tangents, and secants, are constructed upon 
the same principle as those on the Plane Scale, making the length of the line 
of chords the radius of the circle. (See Geom. Prob. XI.) 

Fach pair of the sectoral lines (except the line of polygons) are numbered 
from the centre, and so disposed as to make equal angles at the centre, 
consequently at whatever distance the Sector be opened, the angles will 
always be respectively equal; that is, the distance between 10 and 10 on 
the lines of lines will be equal to 60 and 60 on the lines of chords, 90 and 90 
on the lines of sines, and 45 and 45 on the lines of tangents. 

The other lines on the Sector being for the most part such as are usually 
drawn upon the Gunter’s Scale, which have already been described, it will 
be unnecessary here to enumerate them; we shall therefore only observe 
that the logarithmic lines, being placed partly on one leg, and partly on the 
other, are to be used with the legs fully opened. 

The use of the sectoral lines is founded on a property of similar triangles, 
namely, that their corresponding sides are proportional. Let cB, ca, 
(Fig. 5, Plate I.) represent a pair of sectoral lines, forming the angle a cB; 
divide them each into any number of equal parts, as ten for instance, and 
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draw lines to the corresponding numbers on each line, as from 2 to 2, 4 to 4, 
&c. These lines will form a series of triangles, as c 22, c 44, &c. all 
similar to the triangle c 4 B; therefore it will be, as c 2 is toC A, SO is 22 ta 
10 10, or a B; andascQ is to 22, soisc a to a B, and so on for the other 
corresponding lines. 

Hence also if the lines ca, cB, represent the lines of chords, sines, 
tangents, or secants; and if c a be the radius, and the line c 2 the chord, 
sine, tangent, or secant, of any proposed number of degrees; then the line 
22 will be the chord, sine, &c. of the same number of degrees to the 
radius  B. 

We shall now proceed to explain some of the most important uses to 
which the sectoral lines may be applied; previous to which it will be 
necessary to observe, that in all operations the distances are to be taken with 
a pair of compasses from the innermost of the three lines which bound the 
divisions, that being the line proceeding from-the centre: it is likewise to be 
understood, that the measure taken from the centre to any part of a sectural 
line, is called a lateral distance, and that the measure taken from any point 
in one line to its corresponding point in a line of the same name, is called a 
transverse, or parallel distance 


USE OF THE LINES OF LINES. 


1. To divide a given line into any number of equal parts: for example 
suppose 9. ‘Take the length of the given line in the compasses, and make 
it a transverse distance from 9 to 9, the number of parts proposed ; then will 
the transverse distance of 1 and 1 be one of the equal parts, or the 9th part 
of the whole; and the transverse distance of 2 and 2 will be 2 of the equal 
parts, or g of the whole line, and so on. 

Note.—When the line to be divided is too long to be applied to the 
legs of the Sector, take some aliquot part of it, as the half, the third, &c. 
and double or triple the lengths of the transverse distances taken from the 
Sector. 

2. To divide a given line into any number of parts that shall be in any 
assigned proportion ; as, suppose three parts, in the proportion of 2, 3, and 4. 
Make the given line a transverse distance to 9, the sum of the proposed 
numbers 2, 3, 4; then the transverse distances of these numbers severally 
will be the parts required. 

3. To find a fourth proportional to three given lines or numbers; as, 
uppose to 8, 4, and 6. ‘Take the lateral distance of 4: 1m the compasses, 
nd make it the transverse distance of 8 ; then the transverse distance of 6, 

tended from the centre, will reach to the fourth proportional 3. If a ship 

il 36 miles in 4 hours, what distance will she sailin 7 huurs? Open the 
ector till the transverse distance of 4 and 4 be equal to the lateral distance 

36; then the transverse distance of 7 laid off from the centre will give 63, 
the fourth proportional. 

Suppose three lines a B, cD, and EF F, given to find a fourth proportional. 
‘lake the length of the line a 8 in the compasses, and placing one foot in the 

centre, mark what point or division the other foot falls on: open the Sector 
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till the parallel distance between that point and the corresponding one on 
the other leg is equal to the line cp; then £ F taken in the compasses and 
laid off as a lateral distance, the corresponding transverse distance will be 
the length of the line required. 

Let it be required to reduce a chart drawn on a scale of 5 inches to a 
degree, to a scale of 3 inches to a degree. Make the transverse distance 
from 5 to 5 equal to the lateral distance of 3; the legs of the Sector being 
kept at this angular position, any measure taken from the chart being laid 
off as a lateral distance, the corresponding transverse distance will be the 
measure to be laid down upon the reduced chart. 


4. Having a line containing any given number of equal parts, to find 
the length of a line containing any other number of the same parts. 

Suppose a chart to be drawn on a scale of 5 miles to 3 inches; required 
the length of any other number of miles upon the same scale. Make the 
transverse distance of 5 and 5 equal to 3 inches; the legs of the Sector 
being kept at this angular position, the transverse distance of any other 
number, within the limits of the Sector, will be the length of the number 
of miles required. 


5. Having the number of parts contained in any given line, to find 
the number of the same parts contained in another line. 

Suppose the length of one side of a triangle measure 30, what are the 
measures of the other sides? ‘Take the length of the given side in the 
compasses, and apply it transversely from 30 to 30; to this opening of the 
Sector apply the length of the other sides transversely, so that the points 
may fall upon corresponding divisions, and these will shew the measure of 
the sides required. 


USE OF THE LINES OF CHORDS. 


1. Yo protract or lay down an angle of any given number of degrees. 
At any opening of the Sector take the transverse distance of 60°, with 
which extent describe an arch; then take the transverse distance of the 
proposed number of degrees, and apply it to that arch: through the 
extremities of this distance on the arch, draw two lines from the centre, 
and they will form the angle required. When the angle exceeds 60°, lay 
it off at twice or thrice. 

In this manner any number of degrees may be laid off on the circum- 
ference of a given circle, making the transverse distance of 60° equal to the 
radius of the circle. 


2. To measure any given angle. With any radius describe an arch 
from the angular point, and set that radius transversely from 60 to 60; 
then take the length of the intercepted arch in the compasses, and apply it 
transversely to the line of chords, so that the points of the compasses may 
fall upon corresponding divisions, and they will shew the measure cf the 


given angle. 
F 
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USE OF THE LINES OF SINES, TANGENTS, AND SECANTS. 


1. Having the length of the radius of a circle, to find the length of — ? 


the chord, sine, or tangent of any arch of that circle. Suppose the 
chord, sine, or tangent of 30 degrees to a radius of 2 inches be required - 
open the Sector till the transverse distance of 60 and 60 on the lines of 
chheis be equal to 2 inches; then will the same extent reach from 45 to 45 
on the lines of tangents, and from 90 to 90 on the lines of sines, so that to 
whatever radius the lines of chords are set, to the same are all the others - 
set. In this angular position of the legs, therefore, if the transverse 
distance between 30 and 30 be taken on the lines of chords, sines, or 
tangents, with the compasses, it will give the length of the chord, sine, 
or tangent of 30 degrees, to the radius of 2 inches. When the required 
chord is above 60°, or the tangent above 45°, as suppose 70 degrees, 
proceed thus: for the chord take the transverse distance of half the 
arch, viz. 85 degrees, on the line of sines, the double of which gives 
the length of the chord of 70 degrees. ‘To find the tangent of 70 
degrees to the same radius, make the transverse distance from 45 to 45, 
on the upper lines of tangents, equal to 2 inches; then the extent 
between 70 and 70 on the same lines will be the length of the tangent 
required. 

2. Having the radius of a circle, to find the secant of any arch of that 
circle: as again, suppose of 20 or 70 degrees, to a radius of 2 inches ; 
make 2 inches the transverse distance between 0 and 0 on the lines of 
secants; then will the transverse distance of 20 and 20, or 70 and 70, 
give the secant of 20 or '70 degrees. 


3. The radius of a circle, and any line representing a sine, tangent, 
or secant of an arch of that circle being given, to find the degrees and 
parts corresponding to that line. Open the Sector to the given radius, 
according as a sine, tangent, or secant is concerned, then, taking the given 
line in the compasses, apply the legs transversely till they fall on the 
corresponding divisions of the proper line, and these will point out the 
degrees and parts required. 

In this manner the angles of a right-angled triangle may he estimated, 
by considering one side as the radius of a circle, and one of the other sides 
as representing the sine, tangent, or secant of the required angle. 

The sectoral lines are likewise useful in working proportions in Trigo- 
nometry: suppose, for example, the hypothenuse ef a triangle measures 
56, and the angle opposite the perpendicular 32 degrees; to find the 
ee Paa ee ats the proportion will be, as radius, or sine of 90° is to the 

ypothenuse 56, so is sine of the angle opposite the perpendicular 32° to 
the perpendicular; therefore make the transverse distance of 90 and 90 on 
the lines of sines equal to the lateral distance 56 on the lines of lines ; then 
the transverse distance of 32° on the line of sines, applied as a lateral 
distance to the les of lines, will give 29.5 for the length of the perpen- 
dicular required. 
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PLANE TRIGONOMETRY is that branch of Geometry which 
teaches to compute the sides and angles of plane triangles ; it is divided 
into right-angled and oblique-angled ‘Trigonometry, according as it is 
applied to the mensuration of right er oblique-angled triangles. 


RIGHT-ANGLED TRIGONOMETRY. 


ae 
DEFINITIONS AND PRINCIPLES, 


1 Every triangle consists of six parts; namely, three sides and three 
angles. 


2. The sum of the three angles of every plane triangle is equal to two 
right angles, or 180 degrees; hence, if one of the angles be known, the 
sum of the other two may be found by subtracting the given angle from 
180 degrees: also, if two of the angles be known, their sum, subtracted 
from 180 degrees, will give the third angle: again, in a right-angled 
triangle (the right angle containing 90 degrees), the sum of the two acute 
angles is equal to 90 degrees: therefore, if one of the acute angles be 
given, the other will be found by subtracting the given angle from 90 
degrees. 

3. Any two sides of a triangle added together are greater than the third 
side. 

4, The greatest side of a triangle is opposite the greatest angle, and the 
least side opposite the least angle; also, in the same triangle, equal sides 
are opposite to equal angles. 


5. Two triangles are said to be similar when all - 
the angles of the one are respectively equal to all the 
angles of the other; as for instance, the triangle 5 3 
ABc is similar to the triangle DEF, because the é 
angles a,B, and c, are respectively equal to the 4<—Z B 


angles p, E, and F. 


6. The sides of similar triangles, upposite to equal 
angles, are proportional ; thus in the triangles a 8c 
and DEF, aS AB is to DE, so is Ac to DF. and so 10 6 
wectoEF. Oras4:8::5:10::3: 6. 
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Y. Similar arches of unequal circles are such as contain the same number 
of degrees, &c. of their respective circles. 


8. The sines, tangents, and secants of similar 
arches are proportional to the radii of the circles ; 
thus, supposing the arch p 8, of the circle DBGF, 
to be similar to the arch LN, of the circle L NOI, 
then pE istol.M, AB to HN, and ca to KH, as 
CBor CD is to KN or KL; thatis, the sine, tangent 
and secant of one arch is to the sine, tangent, and 
secant of the other, as the radius of one circle is to 
the radius of the other. 


Hence, if the radius of a circle be divided into a ‘ 


certain number of equal parts, and the length of the ,' 


sine, tangent, or secant of any angle in such parts { 
be given, the length of the sine, tangent, or secant », 
of the same angle to ary other radius may be *. 
found. ae 


Pe adil 


9. The lengths of the sine, tangent, and secant for every degree and 
minute of the quadrant, whose radius is 1, being calculated and arranged in 
a table, is called a TRicoNomMETRICAL Canon: and the logarithms of these 


lengths are called logarithmic or artificial sines, tangents, and secants ; ‘as 
in Table X-XV. of this Work. 


¥rom these Principles are deduced the following 


RULES 
For computing the Sides and Angles of right-angled Triangles. 


{n every right-angled triangle there must be two parts given, besides 
the right angle, to find the other three; and one of these parts at least 
must be a side, because the angles will only give the proportion, not the 
absolute length of the sides. . 


In every right-angled triangle one of the sides must be considered as 
representing the radius of a circle; then, 


1. lf the Hypothenuse be made radius, the perpendicular and base will 
each be the sine of its opposite angle. 


2. If the Base be made radius, the perpendicular will be the tangent 
of its opposite angle, and the hypothenuse the secant of the same angle. 


3. it the Perpendicular be made radius, the base will be the tangent of 
its opposite angle, and the hypothenuse the secant of the same angle; the 
sine, tangent, or secant of one angle being, in each case, the co. sine, 
co tangent, or co. secant of the other. 
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é 
ond 


Thus, if in the triangles a Bc, the hypothenuse ac be considered as 
radius of a circle, then it is evident the perpendicular Bc will be the sine 
of the angle a, and the base a zB the sine of the angle c; if the base aB 
be made radius, then the perpendicular 8c will be the tangent of the angle a, 
and the hypothenuse a c the secant of angle a; if the perpendicular Bc 
be made radius, then the base a 8 will be the tangent of the angle c, and 
the hypothenuse the secant of angle c 

Since the acute angles a and c contain together 90 degrees, they are the 
complements of each other; therefore the sine, tangent, and secant of 
angle a is the co. sine, co. tangent, and co. secant of angle c; and the 
sine, &c. of angle c is the co. sine, &c. of angle a. (See Definition 


XXXIV. Geom.) 
To find a Side. 


Consider any one of the sides as representing the radius of a circle, and 
write upon it the word radius; then upon the other sides write the parts 
they represent according to the preceding Rules, which call the names of 
the sides; then say, 

As the name of the given side 

Is to the given side, 

So is the name of the side required 
To the side required. 


To find an Angle. 


Consider one of the given sides as representing the radius of a circle, 
and write upon it the word radius; and upon the other sides write the 
parts they represent according to the preceding Rules; then say, 


As the side representing radius 

Is to radius, 

So is the other given side 

To the sine, tangent, or secant of the angle by it represented 


Having raised the canons, or proportions, they may be worked by the 
common Rule of Three, taking the lengths of the sines, tangents, or 
secants of the angles, to Radius 1, from the proper Table; but as logarithms 
considerably abbreviate the calculation, by performing Multiplication by _ 
Addition, and Division by Subtraction, it is more usual to take out the 
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logarithms of the three given terms (the logarithm of radius being 10.00000}, 
then, adding the logarithms of the second and third terms together, and 
from their sum subtracting the logarithm of the first term, the remainder 
will be the logarithm of the fourth term, which being found in the proper 
Table, the number, or the degrees and minutes corresponding to it, will © 
give the required side or angle. | . 

Note. The logarithms for sides are to be taken from Table X XIV., and 
for the sines, tangents, or secants of angles, from Table X XV. 

We shall now proceed to exemplify the above Rules by the following 
Cases, which we shall resolve by three different methods: viz. by Geometrical 
Construction, by Logarithmic Calculation and by Gunter’s Scale. 


CASE I. 


The Angles and the Hypothenuse given, to find the Base and the 
Perpendicular. 


Exampie. Given the hypothenuse « c, 370 miles, (or any other measure 
of length), the angle a 56° 30’, and consequently the angle c 33° 30’; 
tequired the base a B and perpendicular 8 c. 


BY CONSTRUCTION. 


Draw the line a8 of any length, and make 90° 00 
the angle at a 56°30’ (Problem XII. Geome- Angle a 56 30 
try); from a to c lay off 370, the length of the 
hypothenuse, taken from any convenient scale Angle c 33 30 
of equal parts, and from the point c let fall the ~ 
perpendicular c 8 (Prob. III. Geom.); then 
ABC is the triangle required: the base aB, 
measured on the same scale of equal parts by 
which the hypothenuse was measured, will be 
204. 2, and the perpendicular 8 c 308. 5. 


BY CALCULATION. 


Making the hypothenuse radius, a 8 will be the sine of angle c, and 
c B the sine of angle a; then, 


To find the Base ax. 


As radius 10. 00000 
Is to hypoth. ac 370 2. 56820 
So is sine ang. c 33°30’ = 9. 74189 
12. 31009 
10. 00000 


To the base as 204,2 2. 31009 


To find the Perpendicular Bc. 


As radius 10. VOOO0 
Is to hypoth. ac 370 2. 56820 
So is sine ang. A 56° 30’ 9. 92111 
12. 48931 
10. 00000 


To the perpend. Bc 308.5 2. 4893) 
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Making the base radius, Bc will be the tangent, and ac the secant 
of angle a; then 


To find the Base. 


As sec. of ang. a 56°30) =: 110. 25811 
Is to hypoth. ac 370 2. 56820 
So is radius 10. 00000 
12. 56820 

10. 25811 

To the base aB 204. 2 2. 31009 


To find the Perpendicular. 


As sec. of ang. a-56° 30’ 
Is to hypoth. ac 370 
So is tan. of ang. a 56° 30 


To the perpend. Be 308. 5 


10. 2581) 
2. 56826 
10. 17922 


12. 74742 
10. 25811 


2. 48931 


Making the perpendicular radius, « 8 will be the tangent, and a c the 
secant, of angle c; then, 


To find the Base. 
As sec. of ang. c 33°30 10. 07889 
Is to hypoth. ac 370 2. 56820 
So is tan. ang. c 33° 30 9. 82078 
12. 38898 
10. 07889 


To the base aB 204. 2 


To find the Perpendicular. 


As sec. of ang. c 33° 30’ 
Is to hypoth. ac 370 
So is radius 


BY GUNTER’S SCALE.*® x 


10. 07889 
2. 56820 
10. 00000 


12. 56820 


10. 07889 


2.31009 | To the perpend. Bc 308.5 2. 48931 


Ist. Extend the compasses from radius, or 90°, to angle c 33° 30’ on 
the line of sines, and that extent will reach from the hypothenuse 370 to 


204. 2, the measure of the base, on the line of numbers 


Qdly. Extend the compasses from radius, or 90°, to angle a 56° 30’ on 
the line of sines, and that extent will reach from the hypothenuse 370 to 


308. 5, the measure of the perpendicular, on the line of numbers. 


—_- 


* In working the several Cases by Gunter’s Soale, we shall always suppose the hypothenuse 
radius, where it can be done, being the most simple of the three. 


t Radius, on Gunter’s Scale, is either 8 points on the line of sine rhumbs, 4 points on the 
line of tangent rhumbs, 90 degrees on the line of sines, or 45 degrees on the line of tangents 
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CASE II 


The Angles and one of the Legs given, to find the Hypothenuse 
and the other Leg. 


Exampeie. Given the base a 3 625, and the angle » 48° 45’, to find 
the hypothenuse ac, and the perpendicular 8 c. 


BY CONSTRUCTION. 


Draw the base a8, which make equal to 90° 00” 
625, taken from a scale of equal parts; and Ang. 448 45 % 
upon B erect the perpendicular z c (Prob. II. 
or XII. Geom.); make the angle a equal to Ang. c 41 
48° 45’ (Prob. XII. Geom.), and draw the 
hypothenuse a c to cut the perpendicular B c 
in the point c; then ac, measured on the 
same scale of equal parts that a B was, will be 


947.9, and pc 712. 7. 


BY CALCULATION. 


Making the hypothenuse radius, a B will be the sine of angle c, and cB 
the sine of angle a; then, 


To find the Hypothenuse. ! To find the Perpendicular 
As sine of ang. c 41°15’ = 9.81911 As sine of ang. c 41°15’ =: 9. 81911 
Is to the base aB 625 2.79588 Is to the base aB 625 2. 79588 
So is radius 10. 00000 | So is sine of ang. a 48°45’ 9, 87612 
12. 79588 | 12. 67200 
9. 8191] 9. 8191] 


ee eee ee 


To the hypoth. ac 947.9 2.97677 | To the perpend. Be 712.7 2.85289 


Making the base radius, Bc will be the tangent, and ac the secant, 
of angle a; then, | 


To find the Hypothenuse. To find the Perpendicular. 
As radius 10. 00000 | As radius 10. 00000 
Is to the base a B 625 2. 79588 | Is to the base a B 625 2. 79588 
So is the sec. of ang. a48°45' 10. 18089 | So is tan. of ang. a 48° 45' 10. 05701 
12. 97677 | 12. 85289 
10. 00000 10. 00000 


To the hypoth. ac 947.9 | 2.97677 | To the perpend. nc 712.7 2.85289 
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Making the perpendicular radius, a B will be tangent, and 4c secant, of 
angle c; then, 


To find the Hypothenuse. To jind the Perpendicular. 
As tang. of ang. c 41° 15’ 9.94299 | As tang. of ang. c 41°15! 9.94299 
Is to the base a B 625 2. 79588 | Is to the base a B 625 2. 79588 
So is sec. of ang. c 41° 15’ 10. 12387 | So is radius 10. 00000 
12. 91975 12. 79588 
9. 94299 9. 94299 


To the hypoth. ac 947.9 2.97676 | To the perpend. Bc 712.7 2. 85289 


BY GUNTER’S SCALE. 


Ist. Extend the compasses from angle c 41° 15’ to radius, or 90° on the 
lize of sines, and that extent will reach from the base 625 to the hypothenuse 
947.9 on the line of numbers. 


2dly. Extend the compasses from angle c 41° 15’ to angle a 48° 45’ on 
the line of sines, and that extent will reach from the base 625 to the perpen- 
dicular '712. '7 on the line of numbers. 


CASE III. 


The Hypothenuse and one Leg given, to find the Angles 
and the other Leg. 


Examete. Given the hypothenuse ac 400, and the base Ba 230; 
required the angles a and c, and the perpendicular 3 c 


BY CONSTRUCTION. 


Draw the base B a, which make equal to 236 ; ) 
upon B erect the perpendicular Bc, (Prob. IT. 
ot XII. Geom.), and taking the distance 400 in 


the compasses, place one foot in a, and let the % 

other foot cross Bc in c, and draw the line ac; | 

ther wil] the perpendicular 3 c measure 323, the ae N 

angie ; 36° 9’, and the angle a 53° 51’ = (Prob. Re 

XIII. Geom.) | ea \ 
ots eae 
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BY CALCULATION 


Making the hypothenuse radius, B a will be the sine of angle c, and 5c, 
the sine of angle a; then, 


To find the Angles. 


As the hypoth. ac 400 2. 60206 
Is to radius 10. 00000 
So is the base B a 236 2. 37291 
12. 37291 

2. 60206 

9. 77085 


Sa Se 


To sine of ang. c 36° 9 
90 0 


Angle a 53 51 


To find the Perpendicular. 
As radius 10. 00000 
Is to the hypoth. ac 400 = 2. 60206 
So is sine of ang. a53°5)’ 9.90713 


12. 50919 
10. 00000 


To the perpend. Bc 323 2. 50919 


Making the base radius, 8 c will be the tangent, and a c the secant, of 
angle a; then, 


‘0 find the Angles. 


As the base Bb A 236 2.37291 
Is to radius 10. 00000 
So is the hypoth. 400 2. 60206 
12. 60206 

2.37291 

To sec. of ang, A 53° 51’ 10. 22915 


90 00 


Angle o 36 9 


To find the Perpendicular. 


As radius 10. 00000 
Is to the base B A 236 2. 37291 
So is tan. of ang. a 53°51’ 10. 13635 
12. 50926 
10. 00000 
To the perpend. Bc 323 2. 50926 


BY GUNTER’S SCALE. 


Ist. Extend from the hypothenuse 400 to the base 236 on the line of 
numbers, and that extent will reach from radius 90° to angle c 36° 9 on 
the line of sines; hence the angle a will be 53° 51’. 


2dly. Extend from radius 90° to angle a 53° 51’ on the line of sines, 
aud that extent will reach from the hypothenuse 400 to the perpendicular 


323 on the line of numbers. 


Note. The perpendicular may be found, independent of the angles, 


thus: subtract the square of the base from the square of the hypothenuse ; 
the square root of the remainder will be the length of the perpendicular 
required. 
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CASE IV. 


The Base and Perpendicular given, to find the Angles and the 
fTypothenuse. 


Exampie. Given the base 3 a 35. 5, and the perpendicular pc 41.6; 
-quired the angles a and c, and the hypothenuse a c. 


BY CONSTRUCTION. 


Draw the line B a, and upon B raise the 
perpendicular Bc (Prob. II. or XII. Geom.); 
make Ba equal to 35. 5, and Bc equal to 41. 6, 
and draw the line ac; then the hypothenuse 
ac will measure 54.7, the angle a 49°31’, 
and the angle c 40° 29' (Prob. XIII. Geom.). 


BY CALCULATION. 


ONA 
35.5 


Making the base radius, Bc will be the tangent, and ac the 
secant, of angle a. 


Lo find the Angles. 


As the base Ba 35. 5 1. 55023 
Is to radius 10. 00000 
So is the perpend. Bc 41.6 1.61909 


11. 61909 
1. 55023 


a eee Het 


To tan. of ang. A 49°31’ 10. 06886 
| 9900 ——— 


Angle c 40 29 


To find the Hypothenuse. 


As radius 10. 00000 
Is to the base Ba 35. 5 1. 55023 
So is sec. of ang. a 49°31’ 10. 18760 
11. 73783 
10. 00000 
To the hypoth. ac 54.68 = 1. 73783 


Making the perpendicular radius, 8 a will be the tangent, and ac the 
secant, of angle c. 


To find the Angles. 


As the perpend, Bc 41.6 1.61909 
Is to radius 10. 00000 
So is the base BA 35.5 1. 55023 

7 11, 55023 
1. 61909 

To tan, of ang. c 40°29’ =: 9. 93114 


90 00 


Angle a 49 31 


To find the Hypothenuse 


As radius 10. 00000 
Is to perpend. pc 41.6 1. 61909 
So is sec. of ang. c 40° 29’ 10. 11885 
11. 73794 
10. 00000 
To the hypoth. ac 54.69 1.73794 
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BY GUNTER’S SCALE. 


Ist. Extend the compasses from the base 35.5 to the perpendicular 
41. 6 on the line of numbers, and that extent will reach from radius 45° to 
angle a 49° 31’ on the line of tangents*: hence angle c will be 40° 29" 

2dly. Extend the compasses from angle c 40° 29/ to radius 90° on the 
line of sines, and that extent will reach from the base 35. 5 to the hypothe- 
nuse 54. 68 on the line of numbers. 


EXAMPLES FOR EXERCISE. 


oo Given the hypothenuse 108, and the angle opposite the perpendicular 
5° 36; required the base and perpendicular. 
iceen The base is 97. 4, and the perpendicular 46. 66. 


2. Given the base 96, and its opposite angle 71° 45’; required the per- 
pendicular and the hypothenuse. 
Answer. 'The perpendicular is 31. 66, and the hypothenuse 101. 1. 


3. Given the perpendicular 360, and its opposite angle 58° 20’; required 
the base and the hypothenuse. 
Answer. ‘The base is 222, and the hypothenuse 423. 


4. Given the base 720, and the hypothenuse 980; required the angles 
and the perpendicular. . 

Answer. The angles are 47° 17% and 42° 43’, and the perpendicular 
664. 8. 

5. Given the perpendicular 110. 3, and the hypothenuse 176. 5; required 
the angles and the base. 

Answer. ‘The angles are 38° 41’ and 51° 19’, and the base 137.8 


6. Given the base 360, and the perpendicular 480; required the angles 
and the Berenice 

Answer. The angles are 53° 8’ and 36° 52’, and the hypothenuse 600. 

7. Given the base 346. 5, and the adjacent angle 35° 24'; required the 
perpendicular and hypothenuse. 

Answer. The perpendicular 246. 2, and the hypothenuse 425. 1. 


8. Given the hypothenuse 36. 5, and the angle opposite the base 65° 15’ 
required the perpendicular and base. 

Answer. The perpendicular 15. 28, and the base 33. 15. 

9. Given the perpendicular 725, and the adjacent angle 21°36’; required 
the base and hypothenuse. 

Answer. The base 287. 1, and the hypothenuse 779. 8. 

10. Given the base 32. '76, and the hypothenuse 56.95; required the 
angles and the perpendicular. 

Answer. The angles are 35° 7 and 54° 53’, and the perpendicular 
46. 58. 


* The same point represents both 49° 31! and 40° 29’; but as the third term is more than 
the first, the angle a, or fourth term, will consequently ‘be more than 45°, which is radius, 
or the second term on the line of tangents. 
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11. Given the perpendicular 98. 4, and the hypothenuse 1013 ; required 
the angles and the base. 

Answer. The angles are 5° 34’ and 84° 26’, and the base 1009. 

12. Given the base 4567, and the perpendicular 3251; required the 


angles and the hypothenuse. 
Answer. The angles are 35° 27’ and.54° 33’, and the hypothenuse 5606 


OBLIQUE-ANGLED TRIGONOMETRY. 


=P 


RULES 
lor computing the Sides and Angles of Oblique-angled Tnngles. 
I. When two of the three given Parts are a Side, and its opposite Angle 


To find a Side. 


As the sine of any given angle 

Is to its opposite side, 

So is the sine of any other given angle 
To its opposite side. 


To find an Angle. 


As any given side 

Is to the sine of its opposite angle. 
So is any other given side 

To the sine of its opposite angle. 


When the given side, opposite the given angle, is greater than the other 
given side, then the angle opposite that other given side, is always acute; 
but when the given side, opposite the given angle, is less than the other 
given side, then the angle opposite that other given side may be either acute 
or obtuse, which consequently must be determined from the nature of the 
triangle. 


Il. When two Sides and the Angle contained between them are given. 


As the sum of the two given sides 

Is to their difference, 

So is the tangent of half the sum of the unknown angles 
To the tangent of half their difference : 


This half difference added to half the sum of the unknown angles, gives 
the greater angle, and subtracted, leaves the less angle. The angles being 
thus all known, the remaining side is to be found by Rule I. 
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Ill. When the three Sides are given, to find the Angles, 


As the base, or greatest side, 

Ts to the sum of the other two sides, 

So is the difference of those sides, 

To the difference of the segments made by a perpendicular 
let fall from the greatest angle upon the base. 


Then half this difference added to half the sum of the segments—that 
is, half the base—gives the greater segment, and subtracted, gives the less 
segment. Hence the triangle will be divided into two right-angled triangles, 
in each of which there will be given the hypothenuse and the base, to find 
the other angles, which may be done by Rule I., or by those in Right- 
angled ‘Trigonometry. 


CASE I. 


The Angles and one Side given, to find the other Sides. 


ExameLE. Given the angle a 36° 15’, the angle 8B 105° 30, and the 
side a B 53; required the sides a c and Bc. 


BY CONSTRUCTION. 


Ang. a 36°15: 
Ang.B105 30 


Draw the line a B, and make it Sym 141 45 
equal to 53; make the angle Bac 180 00 
36° 15', and the angle asc 105° 30’, 


(Prob. XII. Geom.), and draw the -Ang.c 38 15 
lines ac and Bc till they meet in c; sae 


then. ac will measure 82.5, and 


Bc 50. 62. BE Lode ki 
Wee bse oe 


BY CALCULATION. 


To find the Side ac by Rule I. To find the Side Bo by Rule I. 
As sine of ang. c 38° 15/ 9.79176 | As sine of ang. c 38° 15’ 9. 79176 
Is to the side a B 53 1. 72428 | Is to the side a B 53 1. 72428 
So is sine of ang. B* 105° 30’ 9. 98391 | So is sine of ang. a 36°15’ 9.77181 
11. 70819 11. 49609 
9. 79176 9. 79176 
To the side ac 82.5 1. 91643 | To the side Bc 50. 62 1. 70433 


ree ee ee 


_= 


* For the manner of finding the log. sine of 105° 30”, see Explanation of Table XXV. 
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BY GUNTER’S SCALE. 


Ist. Extend the compasses from the angle c 38° 15’ tc 74° 30’, the 
supplement of angle 8, on the line of sines, and that extent will reach from 
the side a B 53 to the side ac 82. 5 on the line of numbers. 

2d. Iixtend the compasses from the angle c 38° 15’ to the angle a 36°15’ 
on the line of sines, and that extent will reach from the side a B 53 to the 
side Bc 50. 6 on the line of numbers. 


CASE II. 


Two ‘Sides and an Angle opposite one of them given, to find the other 
Angles and the third Side. 


ExampLe. Given the side a B 336, the side Bc 355, and the angle a 
49° 26’; required the angles B and c, and the side ac. 


BY CONSTRUCTION. 


Draw the line a 8, which make equal to 336; 
draw the line ac so as to make an angle of 
49° 26' with a B (Prob. XII. Geom.) ; take the 


5 


length of Bc in the compasses, and setting one 8 
foot in B, let the other cut the line ac inc, i 
and draw the line sc; then the angle z will a, 
measure 84° 36’, the angle c 45° 58’ (Prob. co \ 
XIII Geom.), and the side ac 465. 3. Li 
A 336 B 
BY CALCULATION. 
To find the Angle c by RuleI. |  To,find the Side ac by Rule I. 
As the side Bc 355 2.55023 | As sine of ang. a 49° 26’ 9. 88061 
Is to sine of ang. A 49° 26’ 9.88061 | Is to the side Be 355 2. 55023 
So is the side a B 336 2. 52634 | So is sine of ang. B 84° 36’ 9.99807 
; 12. 40695 | 12. 54830 
2. 55023 9. 88061 


ee eee ae ee 


To sine of ang. c 45° 58’ 9.85672 | To the side ac 465.3 2. 66769 
Ans ke 49" 966° —_— eno 


Sum 95 24 
180 00 
Ang. B 84 36 


BY GUNTER’S SCALE. 
1st. Extend the compasses from the side 8 c 355 to the side a 8 336 on 
the line of numbers, and that extent will reach from angle a 49° 26’ to 
angle c 45° 58’ on the line of sines ; hence the angle s is 84° 30’. 
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2d Extend the compasses from the angle a 49° 26’ to the angle 
B 84° 36’ on the line of sines; and that extent will reach from the side 


Bc 355 to the side ac 465. 3 on the line of numbers. 


CASE III. 


Two Sides and their contained Angle given, to find the other Angles 
and the third Side. 


ExamMPLe. Given the side aB 85, the side ac 47, and the angle 
a 52° 40’: reouired the angles c and B, and the side Bc. 


BY CONSTRUCTION. 


Draw the line az, and make it 
equal to 85; at a make the angle 
Bac 52°40 (Prob. XII. Geom.) ; 
from a to c lay off 47, and draw 
the line Bc; then aBc is the tri- 
angle required; the angle 8 will 
measure 33° 29’, the angle c 93° 51’ 
(Prob. XIII. Geom.), and the side 
Bc 67. 7. 


BY CALCULATION. 
Lo find the Angles by Rule II. 


Sideas 85 As the sum of the sides 4B, ac,132 2.12057 

Sideac 47 Is to their difference 38 1. 57978 
—-- So is tang. of half the sum ° 

Sum 132 of angles B and c bes 0 ae 

Diff 38 11. 88521 

— 2. 12057 

180° 00 1 caolapee teal 

Angle a 52 40 To tang. of half their diff. 30°11’ 9.76464 


Sum ofang.Bn&c 127 20 Sum gives the greater ahg.c 93 51 


Half sum 63 40 Diff. gives the less ang. B 33 29 


To find the Side Bc by Rule I 
As sine of ang. B 33° 29’ 9.74170 


Is to the side ac 47 1.67210 
So is sine of angle a 52°40’ 9. 90043 


ee 


11. 57253 
9. 74170 


To the side pc 67.74 1. 83083 
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Norr. This triangle may be solved by letting fall a perpendicular from 
the angle c on the side az, which will divide it into two right-angled 
triangles ; then with the hypothenuse a c and angle a find the perpendicular 
and the base, which base subtracted from the side a B, will leave the base 
of the other triangle; then, with the perpendicular and base find the angle 8, 
which added to angle a, and their sum subtracted from 180°, will give 


the angle c, and with one of the angles and its opposite side find the 
side BC. 


BY GUNTER’S SCALE. 


Ist. Extend the compasses from the sum of the two sides 132 to their 
difference 38; that extent will reach from 45° to a division* (16° 4’) on 
the line of tangents; then, the extent from this division to half the sum of 
the unknown angles 63° 40’, will reach from 45° to half their difference 
30° 11’ on the line of tangents, by which the angles may be found as 
above. 

2d. Extend from angle B 33° 29! to angle a 52° 40’ on the line of sines; 
that extent will reach from the side ac 47 to the side 3 c 67. 7 on the line 
of numbers 


CASE IV. 
The three Sides given, to find the Angles. 


Exampte. Given the side a 8 157, the side 8 c 110, and the side ac 88, 
to find the angles a, B, and c. 


BY CONSTRUCTION. 


Draw the line az, which make 
equal to 157; take the length of ac 
88 in the compasses, and with one 
foot on a describe the arch c; then, 
with the length of cs 110 in the 
compasses, and one foot in B, de- 
scribe an arch cutting the former in 
c, to which draw ‘the lines ac and 
Bc; then aBc is the triangle re- 
quired; the angle a will measure 
42° 44/, the angle B 32° 53’, and the 
angle c 104°23’(Prob. XIII. Geom.) 


* The necessity of noting this division arises from the line of tangents being read off from 
right to left above 45°, instead of being reckoned on towards the right; hence, in this case 
the point of the compasses falling without the Rule, the distance between this division and 
-63° 40/ gives the extent above 45°, which being applied to 45° backwards, falls upon the 
same division it would if the line were continued to the rigbt. 

H 
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BY CALCULATION. 


To find the Segments Av, DB, by Rule III. 


Sideao 988 As the base or greatest side aB, 157 9. 19590 
Side pc 110 Is to the sum of the sides ac, Bec, 198 2. 29666 
— So is the diff. of the sidesac, Bc, 22 1. 34242 
Sum 198 
3. 63908 
Difference 22 2.19590 - 


To the diff. of the segments AD, DB 27. 74 1. 44318 


Cae a ee eee 


Half the diff. of the segments 13. 87 
Half their sum, orof the baseaB 78.5 


Sum gives the greater segment pB 92. 37 


Diff. gives the less segment ap 64. 63 


To find the Angles by Rule I. 


As the side ac 88 1.94448 | As the side se 110 2, 04139 
Is to radius, or sine 90° 10. 00000 | 1s to radius, or sine 90° 10. 06000 
So is the segment a p 64.63 1.81043 | So is the segment p 892.37 1.96553 


11. 81043 11 96553 
1. 94448 2. 04139 


To sine of ang. acp 47°16’ 9.86595 | To sine of ang. Bev 57° 7’ 9.92414 
90 00 90 00 


Ang. acp 47° 16/ 
Anglecap 42 44 Ang.scp 57 7 Ang.csp 3253 


Sum gives Angle acs 104 23 


BY GUNTER’S SCALE. 


Ist. Extend the compasses from the base 157 to the sum of the two 
sides 198 on the line of numbers; that extent will reach from the difference 
of the sides 22, to the difference of the segments 27.'7; hence the segments 
will be found as above. 


2d. Extend the compasses from the side ac 88, to the lesser segment 
AD 64.6 on the line of numbers; that extent will reach from 90° to the 
angle ac p 47° 16’ on the line of sines; hence the angle c a D is 42° 44. 


3d. Extend the compasses from the side cB 110 to the greater segment 
92 4; that extent will reach from 90° to the angle pcB 57° 7 on the 
line of sines ; hence the angle c BD is 32° 53’ 
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EXAMPLES FOR EXERCISE. 


1. Given one side 129, an adjacent angle 56° 30’, and the opposite angle 
81° 36’: required the third angle and the remaining sides. 

Answer. The third angle is 41° 54’, and the remaining sides are 108. 7 
and 87. 08. 


2. Given one side 96. 5, another side 59.'7, and the angle opposite the 
latter side 31° 30’: required the remaining angles and the third side. 

Answer. This question is ambiguous, the given side opposite the given 
angle being less than the other given side (see Rule I.); hence, if the 
angle opposite the side 96.5 be acute, it will be 57° 38’, the remaining 
angle 90° 52’, and the third side 114.2; but if the angle opposite the 
side 96. 5 be obtuse, it will be 122° 22’, the remaining angle 26° 8’, and 
the third side 50. 32. 


3. Given one side 110, another side 102, and the contained angle 
113° 36’: required the remaining angles and the third side. 

Answer. ‘The remaining angles are 34° 37’ and 31° 47’, and the third 
side is 177. 5. 


‘4. Given the three sides respectively, 120.6, 125. 5, and 146.'7: required 
the angles. 
Answer. The angles are 51°53’, 54° 58’, and '73° 9’. 


5. Given one side 684. 5, another side 496.'7, and the angle opposite 
the latter side 40°58’: required the remaining angles and the third side. 

Answer. If the angle opposite the former side be acute, the remaining 
angles will be 64° 37’ and 74° 25’, and the third side 729. 8 ; but if obtuse, 
the angles will be 115° 23’ and 23° 39’ and the third side 303. 9. 


6. Given one side 117. 8, another side 96. 55, and the contained angle 
67° 30’: required the remaining angles and the third side. 

Answer. The remaining angles are 64° 41' and 47° 49’, and the third 
side 120. 4. 


7. Given the three sides 87. 6, 66. 2, and 41.3: required the angles. 
Answer. The angles are 26°49’, 46° 20’, and 106° 51’. 


8. Given one side 80, an adjacent angle 40°, and the sum of the other 
sides 180: required the remaining angles and the other sides. 

Answer. The remaining angles are 66° 22’, and 73° 38’, and the sides 
53. 6 and 76. 4. 


9. Given one side 564, its opposite angle 56° 30’, and the sum of the 
other sides 1046 (one of the adjacent angles being obtuse): required the 
remaining angles and the other sides. 

Answer. The remaining angles are 90° 22’ and 33° 8’, and the sides 676. 3 
anc 369. 7. 

10. Given one side 36. 5, the opposite angle 15° 30’, and the difference 
of the other sides 18: required the remaining angles and the other sides. 

Answer. The remaining angles arc 111° 30’ and 53° 0’, and the sides 127.1 


and 109. 1. 
H 


52 


GEOGRAPHY. 


a" = aS 


GEOGRAPHY isa description of the figure, magnitude, and positions ~ 
of the several parts of the surface of the earth. ee 


OF THE FIGURE AND MAGNITUDE OF THE EARTH. 


Various opinions were entertained by the ancients respecting the figure — 
of the earth. Some imagined it an immense plane surrounded by an — 
impassable ocean ; others, that it was cylindrical; and some that it was a — 
sphere or globe: which last opinion is now ascertained to be nearly the 
truth. The most obvious of the several arguments which prove the 
sphericity of the earth, and what must particularly strike every mariner, 
are, that when approaching the shores of countries, the points of high rocks, — 
iighthouses, steeples of churches, and other thin but lofty objects, come 
into view much sooner than houses or other buildings of greater magnitude, 
but less height ; in like manner, when ships are approaching each other at 
sca, the masts.and rigging are discerned some time before the hull and lower 
parts of the vessel, though much larger, come to view. Again, seamen, it — 
is well known, frequently discover distant lands from the tops of a ship’s 
masts; long before they are visible to those who stand upon deck. ' ‘These ~ 
circumstances prove that the surface of the-earth is convex; and as the © 
game appearances happen wherever the observer is situated, this convexity — 
must be uniform: hence we conclude that the earth is globular. ‘The 
sphericity,of the earth is likewise demonstrated by navigators who have 
sailed quite round it, by constantly -gomg westward, and arriving home 
from the eastward, which could not be effected were the earth a plane: 
thus Ferdinand Magellan, setting out onthe west side of Spain, continued _ 
shaping his course westward till he returned home on the south-eastern — 
side of Spain; and thus also have Drake,.Dampier, Cook, and. others, 
circumnavigated. the earth; and when, in addition to these facts, it is 
recollected that all the rules of Navigation.are. conformable to the opinion 
of the earth being nearly globular, and that these rules never lead the mariner 
into material error, these well-known circumstances, without addueing others 
(though others equally or more forcible might be adduced), must sufficiently 
establish the belief, in the mind of every impartial and competent judge, 
that the earth deviates but very little in its form from that of a sphere.) 

Supposing the.earth to be in the exact form of a sphere, any section of | 
it made by a plane passing through its centre would be a circle, the cir- 
cumference of which being conceived to be divided into 360 equal parts, 
called degrees, and the length of one of these measured, the whole circum- 
ference, and,thence the diameter, of the earth, may be easily. determined. 
For this purpose several mathematicians have undertaken the measurement 
of a degree on a meridian; and from the mean result of their several 
admeasurements, we-may conclude that the circumference of the earth is 
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nearly 24869, and its mean diameter 7916, English miles; also that one 
degree contains about 69. 08 English miles, and that a nautical or geogra- 
phical mile is equal to 6079 feet. 


On comparison of the several admeasurements of a degree on a meridian, 
it was found they varied in different parts of the earth. ‘Uhis circumstance, 
together with others arising from the principle of gravity, ied to the belief 
that its figure was not that of an exact sphere; and, in fact, it has been. 
proved that the earth is flatted at the poles, similar to the figure of an 
orange, or rather that its form is that of an oblate spheroid, which is a solid, 
generated by the rotation of a semi-ellipsis about its shorter axis. It has 
likewise been established, that its polar and equatorial diameters are 
respectively “7898 and 7924 English miles, being nearly in the ratio of 304 
to 305; but since its figure differs so little from that of a perfect sphere, it is 
usual, for the ease of calculation, to consider it of that form, which approaches 
sufficiently near the truth for almost all practical purposes, either in 
Navigation or Astronomy 


OF THE NATURAL DIVISIONS OF THF EARTH. 


The constituent parts of the earth are land and water : these naturally 
divide its surface into various portions, which have received the following 
particular terms, according to their size, shape, and situation. 


A ContINEnT is a large tract of land comprehending several empires, 
kmegdoms, or countries, not separated by any sea or ocean, as the Continents 
of Europe, Asia, Africa, and America. 

An Istanp is a portion of land entirely surrounded by water, as Great 
Britain and Ireland. 


A PreninsuLa is a part of land nearly encompassed with water, except 
where it is joined to a continent by a narrow neck or point of land; as the 
Morea in the Mediterranean Sea. 


An Istrumus is the narrow neck of land joining a peninsula to the adjacent 
land, and forms a communication between them ; as the Isthmus of Darien, 
which joins North and South America. . 


A Promonrory is a high part of land that projects into the sea, and is 
often called a Care when the land is high; and when it has but little 
elevation, it is more usually distinguished by the name of a Point or 
Heap Thus the Cape of Good Hope is a mountainous promontory ; 


and the Lizard, at the entrance to the English Channel, a point or head- 
land. 


An OcEAN is a vast couection of water, separating continents from each 
other, as the Atlantic and Pacific Oceans. 


A Sea is a smaller collection of water, communicating with some adjacent 
ocean, and confined by land within a narrower space; as the Mediterranean 
and Baltic Seas. ‘This term is sometimes used in a general sense for the 
whole body of salt water on the terraqueous globe, 
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A Gutr is a part of the sea or ocean nearly surrounded by land, except 
where it immediately communicates with the sea; as the Gulf of Venice, 
in the Mediterranean; the Gulfs of Finland and Bothnia, in the Baltic Sea. 


A Bay is such a gulf or inlet as does not run very deep into the land; as 
the Bay of Biscay, between the shores of France and Spain, and the Bay of 
Bengal, in the East Indies. Bays of a smaller description are frequently 

_denominated Creeks, Havens, or Roaps, though the last term is usually 
applied to places upon any coast where there is anchorage, and a certain 
degree of protection and shelter from winds. 


A Strait is a narrow passage by which there is a communication between 
a gulf and the adjacent sea, or which joins one part of a sea or ocean with 
another ; as the Strait of Gibraltar, which joins the Mediterranean Sea to 
the Atlantic Ocean. 


A Jaxx is a collection of water in an inland part, and, strictly considered, 
has no communication with the sea; as the Lake of Geneva. But this is 
not always attended to, for many of the loughs, or lakes, in Ireland and 
Scotland, and those in North America, as Lake Superior, Ontario, &c. are 
an exception. 


OF THE IMAGINARY DIVISIONS OF THE EARTH. 


In order to point out the exact relative situation of places on the surface 
of the terraqueous globe, geographers are obliged to imagine certain points, 
lines, and circles belonging thereto, of which such as will more immediately 
enter under our consideration, we shall here explain. 


The Axis is an imaginary line passing through the centre of the earth. 
The extremities of this line are called the Potres: that which is nearest to 
us is called the North Pole, and its opposite the South Pole. 'The earth 
revolves round the axis, from west to east, in 24 hours, which causes the 
vicissitude of day and night. 


The Eauaror is a great circle on the earth equally distant from the 
Poles. It divides the earth into two equal parts, called HeEMisPuEREs ; 
that having the North Pole in its centre, is called the Northern Hemisphere; 
and the other the Southern Hemisphere. 


MERIDIANS are imaginary circles on the earth passing through both the 
Poles, crossing the equator at right angles, and dividing the globe into two 
parts, called the Kastern and Western Hemispheres; or rather, the meridian 
of a place is a semicircle passing through the place, and terminating at the 
Poles, the remaining half being called the opposite Meridian ; hence every 
north and south line 1s part of a meridian. 


It is usual for geographers to fix upon a meridian passing through some 
remarkable place, and to call it the first Meridian: thus, the British esteem 
that the first meridian which passes through the Royal Observatory at 
Greenwich; so the French reckon, for their first meridian, that which passes 
through the Royal Observatory at Paris ; the Spaniards that which passes 
through Cadiz, and some geographers the meridian of 'l'eneriffe. Hence it 
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appears the fixing of a first meridian 1s entirely arbitrary, most nations con- 
sidering that the first meridian which passes through their capital, or prin- 
cipal observatory. 


The Horizon is that apparent circle which limits or bounds the view of 
a spectator on the sea, or on an extended plane, the eye being always sup- 
posed in the centre of the horizon. This circle is divided into 32 parts, 
called points, for a description of which see Mariner’s Compass. 


The earth is sometimes divided by certain circles, parallel to the equator, 
into portions, called ZonxEs; these are distinguished into two frigid, two 
temperate, and one torrid, in allusion to the general state of the air, with 
respect to heat and cold, which prevails in each of the situations. 


The Fricip Zonss are those regions about the Poles where the sun at 
certain times of the year does not rise or set for some days; they extend 
round the Poles as far as 23° 28’: the imaginary circle which bounds this 
limit in our northern hemisphere is called the Arctic Polar Circle, and that 
portion of the globe included within it, the North Frigid Zone. 'Thecircle 
which is at the same distance from the South Pole, in the southern hemi- 
sphere, is called the Antarctic Polar Circle, and the space between it and 
the Pole is termed the South Frigid Zone. 


The 'TemreraTE ZonsEs are those portions of the earth comprehended 
between the Polar Circles, and two parallel circles that are 23° 28’ distant 
from the equator: of these parallels, that in the northern hemisphere is 
called the T'ropic of Cancer ; and the other, in the southern hemisphere, 
the Tropic of Capricorn. 

The Torrip Zone is the space included between the two tropics, over 
every part of which the sun is vertical at some time of the year. 


Besides these divisions into zones, the ancients divided the earth mto 
CuiimaTeEs, which are spaces contained between two parallels, where the 
difference in the longest day in each parallel is half an hour, as far as the 
Polar circles; and beyond that, where they differ by a month. They likewise 
distinguished the inhabitants by different names, according to the diversity 
of shadows of upright bodies at noon, and their relative situation with regard 
to each other; but these vague expressions, intended to give some general 
idea of the situation of different countries, have at length given way to the 
more precise terms of latitude and longitude. 


OF LATITUDE AND LONGITUDE. 


The Latitupk of a place is its distance from the equator, measured by 
an arch of a meridian contained between the equator and the given place 
it is called either north or south, according as the given place is situated 
in the northern or southern hemisphere. Latitude is therefore reckoned 
from the equator towards the Poles, and never exceeds 90 degrees, that 
being the distance of the Poles from the equator. Hence a ship in north 
latitude sailing northerly, or in south latitude sailing southerly, increases 
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her latitude; but in north latitude sailing southerly, or in south latitude 
sailing northerly, she decreases her latitude. 


The Parauet or Larirupe of any place is a circle passing through 
-that place parallel to the equator. 


The DiFrFERENCE oF LatiTuUDE between any two places is an arch of a 
meridian, contained between the parallels of latitude of those places. 


The LoneitupeE of a place is an arch of the equator comprehended 
between the first meridian and that meridian which passes through the 
given place. It is usual to reckon longitude from the first meridian, 
either east or west, according as the given place lies in the eastern or 
western hemispheres, until it meet at the opposite meridian: therefore 
the longitude of a place cannot exceed 180 degrees, or a semicircle. 
A ship in east longitude sailing easterly, or in west longitude sailing 
westerly, increases her longitude; but in east longitude sailing westerly, or 
in west longitude sailing easterly, she decreases her longitude. 


The DirFERENCE or LoncITUDE between two places is an arch of the 
equator intercepted between the meridians of those places, and cannot 
exceed 180 degrees. 


PROBLEM I. 


To find the difference of Latitude between two Places. . 


Rue. When the latitudes are both of the same name, that is, both north 
or both south, subtract the less from the greater, and the remainder will be 
the difference of latitude; but when one is north, and the other south, their 
sum will be the difference of latitude. 


ExampteE I. What is the difference ExamPp te IJ. A ship from latitude 
of latitude between the Lizard and | 3°10’S. arrives to latitude 2°26’ N.: 


Cape Finisterre ? required the difference of latitude made 
good. 
Latitude of the Lizard... 49° 58’ N. | Latitude left.................. 3° 10S. 
Lat. of Cape Finisterre... 42 56 N. | Latitude in .................. 2 26N 
Diff. of latitude ............ ah”. Diff. of latitude ............ 5 36 
60 60 
An‘folleg © ...;cetpapes 422 In miles........000000+ 336 


PROBLEM II. 
With the Latitude left, and the difference of Latitude, to find the 
Latitude in. 


Rute. When the latitude left, and difference of latitude, are of the same 
name, their sum gives the latitude in; but when they are of contrary names, 
their difference is the latitude in, of the same name with the greater. 
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Examp.®¥ I. A ship frum the West ExamP_e II.: A ship three days ago 
end of the Island of Madeira, in lati- | was in latitude 2° 48’ N., and has 
tude 32°49’ N., sails North 520 miles*: ! since then sailed South 426 miles . 
what latitude 7 she in? required her present latitude. 


Latitude of Madeira...... 39° 40’ Nh 1 Eaotitude deft... c.sedecasths g° 48 N 
Diff. of latitude 520 or... 8 40 N. | Diff. of latitude 426 or... 7 65. 


Latitude in............ 41 29 N. Latitude in............ 4 18S, 


PROBLEM III. 
To find the Difference of Longitude between two Places. 


Rute. If the longitudes of the given places be both east or both west, 
subtract the less from the greater; but if one be east, and the other west, 
add them together, and the sum or remainder will be the difference of 
longitude. When the sum of the two longitudes exceed 180 degrees, 
subtract it from 360 degrees, and the remainder will be the difference of 
longitude. 


ExampPteE I. What is the difference ExamP te IT. A ship sailing West- 
of longitude between the Lizard and | ward from North Cape, New Zealand, 
St. Mary’s, one of the Western Islands? | arrives at longitude 164° 47/W.: re- 

quired the diff. of longitude made good. 


Longitude of the Lizard 5° 11’W. | Long. of North Cape ... 173° 10’ E. 


Longitude of St. Mary’s 25 13 W. | Long. of ship ............ 164 47 W, 
Diff. of longitude... 20 2 ha] ire Beth apg ey ae aE a ig 
360 60 
Ee ee 1202 Diff. of longitude... 22 3 
jaabtt 60 
Imi Miles: <y ct eceieene 1323 


| eee 


PROBLEM IV. 


With the Longitude left, and Difference of Longitude, to find 
the Longitude in. 


Rute. If the longitude left, and difference of longitude, be of contrary 
names, subtract the less from the greater, and the ‘remainder will be the 
longitude in, of the same name with the greater; but if the longitude left, 
and. difference of longitude, be of the same name, their sum will be the 
longitude in, of the same name with the longitude left: if this sum exceed 
180°, subtract it from 360°, and the remainder will be the longitude in, of a 
contrary name to the longitude left. 


* When the difference of latitude or fongitade f is given in miles, it is to be divided by 60, 


to reduce it to degrees and minutes. 
I 
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Exampte II. Ifa ship from longi- 
tude 176° 49’ W. sail westward till 
her difference of longitude be 10° 14’ 


Examptr I, Suppose a ship from 
St. Helena sail eastward till her differ- 
ence of longitude be 220 miles: required 


her longitude in. | W., what is her present longitude ? 
Long. of St. Helena ...... 5° 45’ W.:| Longitude left ......... 176° 49° W 
Diff. of longitude 220 or... 3 40 E. | Diff. of longitude ...... 10 14 W. 
Longitude in ......... D5 Wa Sum pst eee 187 3 
360 0 


| 
| Longitude in...... 172 57 E 


EXAMPLES FOR EXERCISE. 


1. Required the difference of latitude and longitude between Ushant 
Island and Cape Ortegal. 
Answer. Diff. of latitude 281 miles; diff. of longitude 168 miles. 


2. What is the difference of latitude and longitude between the Cape of 
Good Hope and Cape Horn. 
Answer. Diff. of latitude 1297 miles; diff. of longitude 5136 miles. 


3. Required the difference of latitude and longitude between Cape Verde 
‘paps) and Cape St. Roque. | 
Answer. Diff. of latitude 1211 miles; diff. of longitude 1066 miles. 


4. Required the difference of latitude and longitude between Port 
Jackson, in New South Wales, and Karakakoa Bay in Owhyhee or Hawaii. 
one of the Sandwich Islands. 

Answer. Diff. of latitude 3199 miles; diff. of longitude 3160 miles. 


5. A ship from Funchal, in Madeira, sails in the S. E. quarter until her 
difference of latitude is 326 miles, and difference of longitude 425 miles: 
required her present latitude and longitude. 

Answer. Latitude 27° 12’ N.; longitude 9° 51’ W. 


6. A ship from latitude 2°56’ S., and longitude 5°14’ E., sails north- 
westerly till her difference of latitude is 352 miles, and difference of longitude 
628 miles. required her present latitude and longitude. 

Answer. Latitude 2° 56’ N.; longitude 5° 14’ W. 


7. A ship from the Equator, and longitude 89°17’ E., sails south-west- 
erly till her difference of latitude is 370 miles, and difference of longitude 
118 miles: required her present latitude and longitude. 

Answer. Latitude 6°10’ S.; longitude 87° 19’ E. 


8. A ship from Cape East, in New Zealand, sails in the N. E. quarter 
till her difference of latitude is 114 miles, and difference of longitude 
297 miles: required her present latitude and longitude. 

Answer. Latitude 35° 51’ S., and longitude 176° 27’ W. 


Nore. The latitudes and longitudes of the given places are to be taken 
from ‘lable LVI. 
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Mescription and ise of the 
LOG, HALF-MINUTE GLASS, AND COMPASS. 


a SP * S&S 


THE instruments used for estimating a ship’s path or track at sea, are 
the log, half-minute glass, and compass. 


OF THE LOG AND HALF-MINUTE GLASS. 


The common Loe is a flat piece of wood in the form of a quadrant, with 
a sufficient quantity of lead fixed to the circular edge to keep it steady, and 
in a perpendicular position on the surface of the water. To this is fastened 
a line about 120 fathoms long, called the Loc Liner, which is divided into 
spaces called Kwnors, and wound on a reel, from which it runs off freely 
when used.* 

The Hatr-minuTEe Grass is of the same shape with an hour-glass, 
and contains such a quantity of sand as will run through the hole in its 
neck in half-a-minute of time. 

The use of these instruments is to ascertain the velocity of a ship, or at 
what rate she sails, by an operation called heaving the log, which is per- 
formed in the following manner :—The reel being held by one man, and the 
half-minute glass by another, the officer of the watch throws the log over 
the ship’s quarter on the lee side, which swimming perpendicularly, remains 
stationary; and when he observes the first mark is going over the ship’s 
side, which is usually a red rag at the distance of 10 or 12 fathoms from 
the log (that quantity, called stray line, being allowed, in order to carry 
the log out of the eddy of the ship’s wake), he gives notice to the man who 
holds the glass, to turn it; and as soon as the sand in the glass is run out, 
the line is immediately stopped; then, the number of knots and fathoms 
which had run off at the expiration of the glass, being considered as miles 
and parts, gives the distance the ship has run the preceding hour, if the 
wind has been constant: but if the gale has not been the same during the 
whole hour, or time between heaving the log, or if there has been more 


=— 


* Several machines have been invented for measuring the distance run bya ship ina given 
time; but the best of these is Massey’s Patent Log. This machine consists of two parts, 
the Register, containing a system of wheel-work connected with the fingers of three several 
indexes ; and the Rotator, which is a hollow cylinder, made air-tight, with four vanes placed 
on it obliquely, and fastened by a cord, about six feet in length, to one end of the register. 
To a loop-hole at the other end of the register is secured another line, of sufficient length 
(30 to 50 fathoms) to keep the machine beyond the eddy of the ship’s wake, which line is 
made fast to the vessel. 

When the log is used, all the fingers of the indexes are set at 0, and both register and 
rotator committed to the water ; as the vessel moves forward the log follows, and from the 
obliquity of the vanes, it is evident the rotator must revolve quicker or slower, correspondent 
to the ship’s velocity. This rotatory motion is communicated by the cord to the wheel-work 
connected with the fingers of the indexes, by which means the actual space passed through 
in any given time is pointed out. This log has been in use several yearg, particularly in 
the Royal Navy. 

KY 
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sail set or handed, there must be an allowance made for it, according te the 
discretion of the officer. Sometimes, when the ship is before the wind, and 
a great sea setting after her, it will bring home the log; in such cases it 
is customary to allow one mile in ten, and less in proportion if the sea 
be not so great; a proper allowance ought also to be made if there be a 
head sea. In heaving the log, great care should be taken to veer out the 
line as fast as the log takes it; for if the log be left to turn the reel itself, 
it will come home, and give an erroneous distance. 

When the ship is sailing several knots an hour, sometimes quarter- 
minute glasses are used, in which case the knots and fathoms run off the 
reel are to be doubled, to give the hourly rate. 

In ships of war and East Indiamen, it is usual to heave the log once 
every hour; but in merchant ships only once every two hours. 

The length of the log-line between each knot ought to be 51 feet nearly, 
that being the same part of a nautical mile that half-a-minute is of an 
hour*, viz. 120th part; but as the log is apt to be drawn after the vessel, 
and as it is safer to have the reckoning rather before than after the ship, 
50 feet have been thought sufficient space between the knots, each of which 
contains 10 fathoms of 5 feet. Indeed it is usual to allow only 48 feet to a 
knot, that is, 8 fathoms of 6 feet each, and sometimes a less quantity, with 
which a glass is used running 28 seconds; but whatever may be the assigned 
length of the intervals between the knots, it is most convenient to divide 
them decimally, or into ten equal parts, by which the computation of the 
ship’s run will be rendered more easy and accurate. 

But both the log-line and half-minute glass are frequently affected by 
alterations in the heat or moisture of the weather; it therefore becomes 
necessary often to examine them, and if found erroneous, to correct the 
ship’srun. ‘The length of line between the knots may be easily ascertained 
by measuring them with a rule: and the half-minute glass may be examined 
either by a watch with seconds, or if that be not at hand, by the follow- 
ing method—fasten a plummet to a line, and hang it on a nail, observing 
that the distance between the nail and the middle of the plummet be 394 
‘inches; then swing the plummet, and notice how often it passes under 
the nail while the glass is running out, and that will be the number of seconds 
measured by the glass. 

The following rules for correcting the ship’s run, on account of the errors 
in the log-line or half-minute glass, are given on a supposition that the knot 
ought to measure 50 feet, and the glass to run 30 seconds. 


CASE I. 


When the Log-line is truly divided, and the Glass faulty. 


Rote. Multiply the distance given by the log by 30; divide the 
ta by the seconds run by the glass, and the quotient will be the true 
Istance. 


* The length of a nautical mile is about 6079 English feet (see page 53): this divided by 
120, gives 50 feet 8 inches for the length of a knot. 


OF THE LOG, 


Exampte I. If a ship sail 8 knots | 


by the log, while the glass is running 
out, which when measured, is found to 
sun 34 seconds, what is her true rate 
of sailing ? 


Distance by log 8 knots. 
30 


34) 240 (7 knots. 
238 
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ExampP ez II. Suppose the distance 
sailed by the log be 75 miles, and the 
glass run out in 27 seconds, what is 
the true distance run ? 


Distance by log 75 miles. 
30 


27) 2250 (83. 3 true distance 
216 sailed. 


—— 


90 
81 
90 
81 
9, &e. 


Senne 


CASE II. 


When the Glass is true, and the Log-line jaulty. 


Rute. 


Multiply the distance sailed by twice the measured length of a 


knot; then point off two figures to the right, and the remainder will be the 


true distance. 


Exampte I, A ship sails 9 knots in 
half-a-minute, by a log measuring 


52 feet ; required her true rate of sail- 
ing. 

Distance by log............ 9 knots. 
Twice the length ofaknot 104 


True rate 9. 36 knots, 


or 9 knots 4 fathoms nearly. 


Examp te II. If aship sail 195 miles 
by a log which measures 48 feet, what 
is her true distance run? 


Distance by log ......... 195 miles. 
Twice thelengthofaknot 96 
1170 
1755 
True distance............ 187. 20 miles. 


CASE III. 
When the Glass and Log-line are both faulty. 


Route. Multiply the distance sailed by the log, by six times the 
measured length of a knot, and divide the product by the seconds run by 


the glass; the quotient, pointing off one figure to the right, will be the 
true distance. 
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Examrete I. If a ship run 5 knots 
of a log-line of 45 feet to a knot, while 
a glass of 25 seconds is running out, 


Exampxr II. Suppose the distance - 
sailed by the log be 150 miles, the 
measured length of a knot being 51 feet, » 


and the glass running 28 seconds: re- 
quired the true distance run. 


150 miles 


what is her true rate of sailing? 


, ee a, 


Distance run by log . © | Distance by log ......... 

6 timesthelength of aknot 45x6—270 | 6 times length of aknot 306. 
Seconds run by a-glass ....25) 1365. Ol j 28) 4590. 0 
True rate of sailing ...... ats. 4 True distance run ...... 163.9 miles. 


or 5 knots 4 fathoms. 


To find the Length of a Knot corresponding to a Glass running 
any given Number of Seconds 


Rote. Adda cipher to the number of seconds run by the glass, and 


divide this by 6; the quotient will be the proportional length of a knot 
in feet. 


ExamPueE IJ. What ought to be the 
length of a knot when the glass runs 
23 seconds ? 


ExamPLeE II. Required the length 
of a knot corresponding to a glass that 
runs 28 seconds. 


6)330 6) 280 


55 feet. 46. 67 or 46 feet 8 in 


OF THE MARINER'S COMPASS. 


This instrument is an artificial representation of the horizon of any place. 
It consists of a circular card, divided into 32 equal parts, by lines drawn 
from the centre to the circumference, called Ruums Lines, the extremitics 
of which are termed Pornts or Ruumss: the intervals are subdivided into 
halves and quarters, called Hair Points and Quartrrr Points; the 
whole circumference is likewise divided into 360 degrees, consequently the 
angle comprehended between any two rhumbs is equal to 11 degrees 
15 minutes. The four principal points are called the CarpinaL Points, 
two of which, opposite each other, are called the Norru and Souru Points: 
that which is on the right hand, when we look towards the north, is termed 
the Easr, and its opposite the Wrst Point; the names of the other points 
are compounded of these, according to their situation, but instead of the 
words, the initials only are inserted, as exhibited in Plate III., whcre there. 
is also a Table, containmg the measure of the angles that each point, and 
quarter point, makes with the north and south, or meridian line. Under 
the card, along the north and south line, a small bar of steel is fixed, called 
the Nrxpie, which being magnetized, cr touched with a loadstone acquires 
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the peculiar property of pointing north and south*, and consequently by the 
card determines the direction of the othe: points of the horizon. ‘The 
needle, having a small socket in the centre, is supported, together with the 
card, on the point of a fine steel pin, on which it freely turns, and by the 
above-mentioned property its points keep always in the same direction: 
these are confined in a circular brass box with a glass cover, the box being 
hung in brass hoops or gimbals, in order to counteract the motion of the 
ship. ‘The whole of these are placed in a square wooden box with a move- 
able lid, which serves to support the gimbals, and secure the compass from 
accident in removals. 

The compass is used to point out the direction that a ship sails at sea. 
For this purpose, it is to be so placed in the ship that the middle section of 
the wooden box, parallel to its sides, may be parallel to the middle section 
of the ship along its keel. When it is thus fixed, that point of the card which 
coincides with a perpendicular line, marked in the inside of the circular 
box, and termed by seamen LuzBBEr’s Porn, will shew the direction of the — 
ship’s head. 

‘The courses and distances which a ship sails in 24 hours are usually 
set down on a board, called the Loc Boarp, which will be further explained 
hereafter. 


PLANE SAILING 


<< * ES 


PLANE SAILING is the art of navigating a ship upon principles 
deduced from the supposition of the earth being an extended plane. On 
this supposition, the meridians are considered as being all parallel to each 
other, the parallels of latitude at right angles to the meridians, and the 
length of a degree on the meridian, equator, and parallels of latitude, every 
where equal. In this sailing there are four principal parts, viz. the Course, 
Distance, Difference of Latitude, and Departure. 


The Course is the angle which a ship’s track or path makes with the 
meridian, and is expressed either in points or degrees. Thus, when a 
ship sails in a north-east direction, we say her course is 4 points, or 
45 degrees, 


The Distance is the number of miles, &c. between any two places 
reckoned on the rhumb line of the course; or it is the length that a ship 
has sailed on a direct course in a given time. 


1 


* This is not strictly true, for the needle deviates more or less from the north and south 
pulits of the horizon, at different places, and at different times; but as the methods by 


which this deviation of the needle is found, depend on astronomical observations, we shall 
defer entering into a further explanation till we treat on that subject. 
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he DirrERENCE oF LaTitTuDE is the distance which a ship has made 
north or south of the place sailed from, and is reckoned on a meridian. 


The Departure is the east or west distance a ship has made from the 
meridian of the place she departed from, and is reckoned on a parallel of 
latitude. 


Hence it is evident that if a ship sail due north or south, she sails on a 
meridian, makes no departure, and her distance and difference of latitude 
are the same. If a ship sail due east or west, she runs on a parallel of latitude, 
makes no difference of latitude, and her departure and distance are the same ; 
but when a ship sails in any other direction, she makes both difference of 
latitude and departure, and these, with the distance, form a right-angled 
triangle, the hypothenuse of which is the distance sailed, the perpendicular 
is the difference of latitude, the base the departure, the angle opposite the 
base is the course, and that opposite the perpendicular the complement of 
the course: hence, any two of these parts being given, the rest may be 
found by Plane Trigonometry. 

When a ship’s course is 4: points, or 45 degrees, the difference of latitude 
and departure are equal; when the course is less than 4 points, or 45 
degrees, the difference of latitude is greater than the departure; when the 
course is more than 4 points, or 45 degrees, the departure is greater than 
the difference of latitude. ) 

In constructing a figure relating to a ship's course, let the upper part of 
what the figure is drawn on represent the north, then the lower part will be 
the south, the right hand east, and the left west. 

Draw a north and south line, to represent the meridian of the place the 
ship sailed from ; then if the ship’s course be to the southward, mark the 
upper end of the line for the place sailed from; but if the course be north- 
ward, mark the lower end for that place. 

Through the point sailed from draw a line, making a right angle with the 
meridian line (Prob. XII. Geom.) on the east or west side, according as the 
ship is sailing to the eastward or westward; and that line will represent the 
parallel of the place the ship sailed from. 

When the course is given, it is to be laid off from the meridian on the 
arch described in making the right angle, taken either from the line of chords 
or rhumbs, according as it is given in Cegrees or points. 

A line drawn from the centre of the quadrant, through the point laid off 
for the course, will represent the distance, which, if given, is to be laid 
thereon, beginning at the point sailed from. A line drawn from the 
extremity of the distance, parallel to the east or west line, will determine the 
difference of latitude and departure. 

If the difference of latitude be given, it is to be laid upon the meridian, 
beginning at the point representing the place the ship left; and a line 
drawn from the extremity of the difference of latitude, parallel to the 
east or west line, till it meet the distance produced, will form the figure. 

If the departure be given, it is to be drawn parallel to the east or west 
line, through the extremity of the difference of latitude or distance. 


PLANE SAILING. 


CASE I 


The Course and Distance given, 40 find the Difference of 


Latitude and Departure. 


Exampie. A ship from latitude 48° 40’ N., sails N. E. by N. 296 miles 
required her present latitude, and the departure made good. 


BY CONSTRUCTION. 


Draw the line 8c to represent the meridian the 
ship sailed from; with the chord of 60° in the 
compasses, and one foot in c, describe the arch n E; 
from N to E lay off the chord of 90°, and draw the 
line cE: then will Nc E represent the N. E. quarter 
of the compass. ‘Take the course three points in 
the compasses from the line of rhumbs, which lay 
off from w towards E, and through the point where 
it cuts the arch draw the line c a, which make equal 
to the distance 296, taken from a scale of equal 
parts; through a draw the line Ba parallel to cE 
(Prob. IV. Geom.); then will B a represent the 
departure equal to 164. 4 miles, and c B the differ- 
ence of latitude 246 miles. 


BY CALCULATION. 


Departure A 


To find the Departure. To find the Difference of Latitude. 
As radius 10. 00000 | As radius 10. 00000 
Is to distance 296 2. 47129 | Is to distance 296 2. 47129 
So is'sine of course 3 pts.* 9. 74474 | So is co. sine of course 3 pts, 9.91985 
12. 21603 12. 39114 
10. 00000 10. 00000 


ee a ert 


To the departure 164. 4 2. 21603 | To the diff. of latitude 246.1 2.39114 


To find the Latitude in. 


Tpatitude left ..<. sce. sceseness 48° 40’ N. 
Diff. of latitude 246 miles, or 4 6N. 
La SE Eee eo 52 46 


Table XXIII. 
it 


* The course being given in points, the logarithm of its sine, &c. is to be taken from 


ees ee 


ae 
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BY INSPFCTION.® 


Enter the first Traverse Table, and find the course 3 points at the top, 
and in one of the columns marked dist. find the distance 296; then opposite 
to this, in the columns marked dat. and dep., will be the difference of latitude 
246. J, and the departure 164. 4. 


BY GUNTER’S SCALE. 


Extend from radius, or 8 points, to the course 3 points on the line of 
sine rhumbs, marked s.r.; that extent will reach from the distance 296, to 
the departure 164. 4 on the line of numbers. 

Extend from radius, or 8 points, to the complement of the course 5 points 
on the line of sine rhumbs; that extent will reach from the distance 296, to 
the difference of latitude 246.1 on the line of numbers. 


CASE II. 


The Course and Difference of Latitude given, to find the 
Distance and Departure. 


ExampLe. A ship sails S. E. 4 E. from St. Helena, in latitude 15°55’ S., 
until by observation she is in latitude 18° 49’ S.: required her distance run, 
and departure made good. 


Latitude of St. Helena 15° 55’S. 
Latitude come to ...... 18 49 S. 


Difference of latitude... 2 54—174 miles. 


BY CONSTRUCTION. 


Draw the meridian line cz, which make 
equal to the difference of latitude 174; from 
c, with the chord of 60°, describe the arch sk, 
on which lay off 90°, and draw the line cE; 
from s towards F lay off the course 43 points, 
taken from the line of rhumbs, and through 
the point where it cuts the arch s E draw the 
ine ca; from B draw the line Ba parallel 
to the linec £; then will the departure Ba 
measure 212, and the distance ca 274.3 
miles, 


B Departure A 


* Previous to resolving the Cases by this method, it will be necessary for the learner to 
read attentively the Explanation to Tables I. and IJ., which are constructed by this Case 
for every point, quarter-point, and degree of the compass, to distances not exceeding 300 
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BY CALCULATION. 


To find the Departure. To find the Distance. 


As co. sine of course 43 pts. 9.80236 | As co. sine of course 43 pts. 9. 80236 
Is to diff. of latitude 174 2.24055 | Is to diff. of latitude 174 2. 24055 


So is sine of course 43 pts. 9.88818 | So is radius 10. 00000 
12. 12873 12. 24055 

9. 80236 | 9. 80236 

pec tine cain ec 

To the departure 212 2. 32637 | To the distance 274. 3 2. 43819 


BY INSPECTION. 


Over the course 43 points, find the difference of latitude 174 (or the 
nearest to it, which is 173.8) in a dat. column, opposite to which will be 
and the departure 211.8, 3nd the distance 274, in their respective 
columns. 


BY GUNTER’S SCALE. 


Extend from the complement of the course 33 points, to the course 
41 points on the line of sine rhumbs; that extent will reach from the 
difference of latitude 174 to the departure 212 on the line of numbers. 


Extend from the complement of the course 33 points, to radius, or 
8 points, on the line of sine rhumbs; that extent will reach from the 
difference of latitude 174 to the distance 274. 3 on the line of numbers. 


CASE III. 


The Course and Departure given, to find the Difference of 
Latitude and Distance. 


Examrtx. A ship from latitude 3°16’ N., sails S.W. by W.1 W., 
until she has made $56 miles of departure: required her present latitude, 
and distance sailed. 


BY CONSTRUCTION. 


Draw the meridian line cB, and de- 
scribe the quadrant cws to represent 
the S. W. quarter of the compass; from 
s towards w lay off the course 54 points, 
and through the point where it cuts the 
arch s w draw the line ca; from c to p 
lay off the departure 356, and through 
p draw the line pa parallel to c 8, meet- 
ing the line ca in a; through a draw 
the line a 8 parallel to pc, meeting cB 
in B: then will the difference of latitude 
c B measure 213. 4, and the distance ac 415 J 

K2 


A Departure 356 m, B 
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BY CALCULATION. 
To find the Difference of Latitude. To find the Distance. 


As sine of course 54 pts. 9.93335 | As sine of course 5} pts. 9 93335 
Is to departure 356 2.55145 | Is to departure 356 2. 55145 
So is co. sine of course 54 pts. 9.71105 | So is radius 10. 00000 
12. 26250 12. 55145 

: 9. 93335 9. 93335 


To the diff. of latitude213.4 2.32915 | To the distance 415. 1 2. 61810 


To find the Latitude in. 


Garindesletteictstccseeess 3° 10/N. 
Diff. of latitude 213 miles, or 3 33 S. 


Datitude ins i3.. 7825.3 cectaeets 0 17S. 


BY INSPECTION. 


- In that page of the Traverse Table marked with the course 5} points at 
the bottom, find half the given departure, viz. 178 (the whole being too 
great) in the dep. column; opposite to which, in the Jat. and dist. columns, 
will be 106.9 and 208; these being multiplied by 2, give the whole 
difference of latitude 213. 8, and the distance 416 miles. 


BY GUNTER’S SCALE. 


Extend from the course 51 points to the complement of the course 
Q3 points on the line of sine rhumbs; that extent will reach from the 
departure 356 to the difference of latitude 213. 4 on the line of numbers. 


Extend from the course 51 points to 8 points on the line of sine rhumbs ; 
that extent will reach from the departure 356 to the distance 415. 1 on the 
line of numbers. 


CASE IV. 


The Distance and Difference of Latitude given, to find the 
Course and Departure. 


Exampeie. A ship from Cape St. Vincent, in latitude 3'7° 3’ N., sails 
between the north and west 430 miles, until her difference of latitude is 
214 miles required her course steered, and departure made good. 
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BY CONSTRUCTION. 


Draw the quadrant nN c w to repre- 


sent the N. W. quarter of the com- Departure B 
pass, and from c to B lay off the dif- = 

ference of latitude 214; through B 23 { 
draw the line a B parallel to cw; with hee iy 


the distance 430 in the compasses, 
place one foot in c, and let the other 
foot cross AB in a, and draw the 
line ac: then will the course Bc a 
measure 60 degrees, and the depar- 
ture a B 373. 


Fs, \ 
Gee 
D.ofLat.2\4n 


: 
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BY CALCULATION. 


To find the Course. To find the Departure. 
As the distance 430 2. 63347 | As radius 10. 00000 
Is to radius 10. 00000 | Is to distance 430 2. 63347 
So is the diff. of lat. 214 2. 33041 | So is sine of course 60° 9’ 9. 93819 
12. 33041 12. 57166 
2. 63347 10. 00000 
To co. sine of course 60° 9’ 9. 69694 | To the departure 373 2. 57166 


BY INSPECTION. 


Seck in the several pages of the Traverse Tables until half the dis- 
tance 215, and half the difference of latitude 107, are found opposite each 
other in their respective columns; against these will be found 186. 2, 
which being doubled, gives the whole departure 872. 4: and as the column 
where the difference of latitude is found, is marked dat. at bottom, the course 
is to be taken from thence, which in this example is 60 degrees. 


BY GUNTER’S SCALE. 


Extend from the distance 430 to the difference of latitude 214 on the 
ine of numbers; that extent will reach from radius, or 90°, to 29° 51’, the 
complement of the course on the line of sines: hence the course is 60° 9. 

Extend from radius, or 90°, to the course 60° 9’ on the line of sines ; that 
extent will reach from the distance 430 to the departure 373 on the line of 


numbers. 


CASE V. 
The Distance and Departure given, to find the Course and 
Difference of Latitude. 


Exampte. A ship from latitude 1°32’ S. sails between the north and east 
250 miles, and finds she has made 126 miles of departure: required the 
course steered, and her latitude in. 
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BY CONSTRUCTION. Departure 126 m. K 


Draw the quadrant Nc E to represent the N. F. 
quarter of the compass; from c to pv lay off the 
departure 126, and through p draw the line pa 
parallel to cn produced; with the distance 250 in 
the compasses_ place one foot in c, and let the other 
cut pA in A; draw the line ac, and through a 
draw the line 8 a parallel to cp; then the course 
BCA will measure 30°16’, and the difference of 
latitude c B 215. 9. 


BY CALCULATION. 


To find the Course. To find the Difference of Enna 
As the distance 250 2.39794 | As radius 10. 00000 
Is to radius 10. 00000 — Is to the distance 250 2. 39794 
So is the departure 126 2. 10037 | So isco. sine of course 30°16’ 9. 93636 
12. 10037 12. 33430 
2. 39794 10. 00000 


ee 


To sine of course 30°16’ 9. 70243 | To the diff. of lat. 215.9 2. 33430 


To find the Latitude in. 


Dsatit de Netti .csce3sd>-¥eceds bs ae = 
Diff. of lat. 215.9 miles, or 3 36 N. 


TAtitnde 30 i) scadsncscn coche fietdea «BIN 


BY INSPECTION. 


Seek in the Tables till opposite the distance 250, taken in its column; the 
nearest to the given departure 126 is found in its proper column, adjoining 
to which stands the difference of latitude 216. 5; and as the column in which 
the departure is found, is marked dep. at the top of the page, the course is 
to be taken from thence, which therefore will be 30 degrees. 


BY GUNTER’S SCALE. 


Extend from the distance 250 to the departure 126 on the line of num- 
bers; that extent will reach from radius, or 90°, to the course 30° 16’ on 
the line of sines. 

i°xtend from radius, or 90°, to the complement of the course 59° 44’ on 
the line of sines; that extent will reach from the distance 250 to the difler- 
ence of latitude 216 on the line of numbers. 


PLANE SAILING 


CASE VI 
The Difference of Latitude and Departure given, to find the 


Course and Distance. 


EXAMPLE. A ship from Funchal, in Madeira, in latitude 32° 38’ N., sails 
a cirect course between the south and west until she is in latitude 31° 13’ N. 
by observation, having made 72 miles of departure: required her course 


steered, and distance run. 


Latitude of Funchal 


Yip 32° 38’ N. 


Latitude in by observation 31 


Difference of latitude ..... 1 25—85 miles. 


Draw the meridian line c B, and from c describe 
the quadrant cs w; from c to B lay off the differ- 
ence of latitude 85; through B draw ‘a B parallel 
to cw, and equal to the departure 72, and join 
Ac: then the course acs will measure 40° 16’, 


and the distance ac 111. 4. 


To find the Course. 


As the diff. of latitude 85 
Is to radius 


So is the departure 72 


To tang. of course 40° 16’ 


the bottom of the page. 


1. 92942 
10. 00000 
1. 85733 


11. 85733 


1. 92942 


ee et 


9. 92791 


oo 


BY CONSTRUCTION. 


BY CALCULATION. 


ia 


% Dif’. of Lat.85m 


Departure 72. B 


To find the Distance. 


As radius 


Is to the diff. of latitude 85 
So is sec. of course 40° 16/ 


To the distance 1]1. 4 


BY INSPECTION. 


Seek in the different pages of the Tables till the difference of latitude 85, 
and the departure 72, or the nearest thereto, are found together in their 
respective columns, which will be under the course 40 degrees; and the 
distance answering to these will be 111. 

Nore. In this case, always seek for the Jarger of the two given numbers 
in the column marked /at. at the top of the page, until the smaller be found 
opposite to it in the column marked dep. at the top; observing, that when 
the departure is more than the difference of latitude, the course will be at 


10. 00000 

1. 92942 
10. 11745 
12. 04667 
10. 00000 


2. 04687 


en ee 
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BY GUNTER’S SCALE. 


Extend from the difference of latitude 85 to the departure 72 on the line 
of numbers; that extent will reach from radius, or 45°, to the course 40° 16’ 
en the line of tangents. 


Extend from the complement of the course 49° 44’ to 90° on the line of 
sines ; that extent will reach from the difference of latitude 85 to the distance 
111. 4 on the line of numbers. 


EXAMPLES FOR EXERCISE. 
1. A ship from latitude 36° 30’N., sails S. W. by W. 420 miles: what is 


her present latitude, and what departure has she made? 
Answer. Latitude in 32°37’ N., and departure 349. 3 miles. 


2. A ship from latitude 3° 54 S., has sailed N. W. 2 W. till she arrives 
at latitude 2° 14’ N.: required her distance run, and departure made good. 
Answer. Distance 617. 8, and departure 496. 2 miles. 


3. A ship from St. Helena, in latitude 15° 55’S., sails S. S. E. 3 E. till 
she has made 115 miles of departure: I demand her present latitude, and 
the distance she has run. 

Answer. Latitude in 19° 30’ S., and distance 244 miles. 


4. A ship from latitude 28° 20’ N., sails north-easterly 486 miles, and 
finds by observation that she is in latitude 32°17’ N.: what course has she 
steered, and what departure has she made? 

Answer. Course N. 60° 49’ E., or N. E.b. E. 3 I. nearly, and departure 
424. 3 miles. 


5. A ship sails between the north and west 170 leagues from a port, in 
latitude 38° 42’ N., until her departure is 98 leagues: required her course 
and latitude in. 

Answer. Course N. 35°12’ W., or N. W.b. N. + W. nearly, and latitude 
in 45°39’ N. 

6. A ship from the Lizard, in latitude 49° 58’ N., sails to the westward 
on a direct course, till she arrives at latitude 48° 11’ N., and finds she has 
made 87 miles of westing : required her course steered, and distance run. 

Answer. Course 8. 39°'7’ W., or S. W. b. S. 3 W. nearly, and distance 
137. 9 miles. 


7. A ship from Ascension Island, in latitude 7°56’ S., sails N.N. W. ? W 
244 miles : required her present latitude, and departure made good. 
Answer. Latitude in 4° 27’ S., and departure 125. 4 miles. 


8. A ship from Cape St. Vincent, in latitude 37° 3’ N., sails between the 
south and west, till her difference of latitude is 69 miles, and her departure 
215 miles: required her course, distance, and latitude in. 

Answer. Course S. '72° 12’ W., or W. S. W. 2 W. nearly, distance 
225. 7 miles, and latitude 35° 54’ N. 
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9. A ship from the Lizard, in latitude 49°58’ N., sails 456 miles to the 
westward, and then finds she is 360 miles to the southward of the Lizard: 
required her course, departure, and latitude in. 

Answer. Course 8. 37° 52’ W., or S. W. 7S. nearly; departure 279. 9 
miles, and latitude in 43° 58’ N. 


10. A ship from Cape Hatteras, in latitude 35°15’ N., sails in the 
north-east quarter 226 miles, and then finds that she is 198 miles to the 
eastward of the Cape: required her course, and latitude in. 

Answer. Course N. 61°11’ E., or N. E. by E. 4 E., and latitude in 
37° 4 N. 

11. If a ship take her departure, at 6h. p.m., from Cape Verd, in 
latitude 14° 45’ N., and sail W. S. W. 3 W. at the rate of 7 miles an hour 
until the next day at noon; what will be her distance run, departure, and 

latitude in? 
Answer. Distance 126 miles, departure 120. 6, and latitude in 14° 8’ N, 


12. A ship from latitude 55° 30’ N., sails S. W. by S. during 20 hours, 
and then finds by observation she is in latitude 53° 17 N.: required her 
rate of sailing per hour, and the departure she has made. 

Answer. Departure 88.87 miles, distance run in 20 hours 160 miles, 
and therefore her rate per hour 8 miles. 


TRAVERSE SAILING. 


=. =D 


WHEN a ship, either from contrary winds or other causes, is obliged 
to sail on different courses, the irregular or zigzag track she makes is called 
a ‘TRaveRsE, or CompounD Course; and the method of reducing these 
several courses and distances into a single course and distance, is called 
resolving a traverse. 

To resolve a traverse, make a Table (as that in Example I.), and divide 
it into six columns; in the first of these set down the several courses, and 
opposite to them, in the second column, their corresponding distances: the 
third and fourth columns are to be marked N.S. at the top, and are to 
contain the differences of latitude; the fifth and sixth are to be marked 
E. W., to contain the departures. 

Find the difference of latitude and departure corresponding to each 
course and distance, by any of the methods in Case I. of Plane Sailing, the 
most common of which is that by Inspection; set these down opposite the 
distance in their proper columns, observing that the difference of latitude 
must be placed in the north column, if the course be northerly, and in the 
south column, if the course be southerly ; and that the departure must be 
placed in the east column, if the course be easterly, and in the west column. 
_if it be westerly. When the course is due north, south, east, or west, set 
down the distance in that column answering to it. Add up the columns of 

L . 
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northing, southing, easting, and westing, and set down the sum of each at 
the bottom; then the difference between the sums of the north and south 
columns will be the whole difference of latitude made good, of the same 
name with the greater; and the difference between the sums of the east 
and west columns is the whole departure made good, of the same name with 
the greater sum. 

With this whole difference of latitude and departure made good, find 
the direct course and distance, as in Case VI. of Plane Sailing. 


EXAMPLE I. 


Suppose a ship from the Start, in latitude 50°13’ N., sail W.S. W. 
51 miles, W.b. N. 35 miles, S. b. E. 45 miles, S. W. b. W. 55 miles, and 
S.S. E. 41 miles: required her direct course and distance sailed, and her 
latitude in. 


BY CONSTRUCTION. 


‘- Diff. of Lat. 125. 3 m, 


; E Depurtsre 102, 6 m. 


With the chord of 60° describe the circle NEsw, to represent the 
compass ; draw the diameters ns and E w at right angles, the one repre- 
senting the meridian, and the other the parallel the ship sailed from: take 
each course from the line of rhumbs, and lay them off from the meridian 
in their respective quarters, and number them in order 1, 2, 3, 4, &e. 3 
thus, from S. to 1 lay off 6 points for the first course W.S. W.; from 
N. to 2 lay off 7 points for the second course W. b. N.; from S. to 3 lay 
off one point for the third course S. by E.; from S. to 4 lay off 5 points 
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for the fourth course S. W.b. W.; from S. to 5 lay off 2 points for the 
fifth course S.S. E.; and from the centre of the circle draw rhumb lines to 
each of these points, which may be produced to any length that is necessary. 
Upon the first rhumb c 1, lay off the first distance 51 miles, from c to a; 
then will a represent the ship’s place at the end of the first course; 
through a draw a B parallel to the second course c 2 (Prob. IV. Geom.), 
and make it equal to the second distance 35 miles; through B draw Bc 
parallel to c 3, and equal to 45 miles: through c draw cp parallel to c 4, 
and equal to 55 miles; and through p draw pe parallel toc 5, and equal 
to 41 miles. Through er draw the line £ F parallel to the east and west 
line w E, meeting Ns produced in F, and joinc x. ‘Then will cF be the 
difference of latitude made good, measuring 125.3; EF the departure 
102. 6, cE the distance 162, and the angle EcrF the course 39° 19’, or 
33 points. 


TRAVERSE TABLE. 


Diff. of Lat. Departure. 


Courses. | Dist.|- 


6.8 |132.1) 24.5 |127.1 
6.8 24. 5 


Diff. of Lat.' 125.3| Dep. |102. 6 


To find the Course and Distance made good. 


BY CALCULATION. 


To find the Course. To find the Distance. 
As diff. of lat. 125.3 2.09795 | As radius 10. 00000 
Is to radius 10. 00000 | Is to diff. of latitude 125.3 2.09795 
So is departure 102.6 2.01115 | So is sec. of course 39°19 10.11145 
12. 01115 12. 20940 
2. 09795 10. 00000 
To tang. course 39° 19 9. 91320 | To the distance 162 2. 20940 


Tlence the direct course made good is S. 39° 19’ W. or 8. W.b. S. 4 W.. 
and the distance 162 miles. F 
. L 
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BY INSPECTION, 
Seek in the Traverse Table till the difference of latitude 125. 3, and 
departure 102. 6, are found opposite each other in their respective columns; 


the nearest to these will be 125. 2 and 102. 8, which give the course 33 points 
at the top, and the distance 162 in its column. 


EXAMPLE II. 


A ship from the North Foreland, in latitude 51°23’ N., and bound to 
the Texel, which lies in latitude 53° 2’ N., and 115 miles to the eastward, 
sails N. E. 35 miles, E. b. S. 25 miles, N. E. b. E. $ E. 40 miles, North 
21 miles, and N. W. b. W. 30 miles: required her course and distance 
made good, the latitude she is in, and departure from the meridian ; alse 
the direct course and distance from the ship to the ‘Texel. 


BY CONSTRUCTION. 


Dep, fo nuke good 


Ory 
§ 
> sh ’ 
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~ {3 S 
‘a Pee Soon 
&|= ph 
~ ig 
am S ; Oo ile 
iY pe 
7 se ‘> *.. eee 
fe x gE, 6 ly 
OX alse eae ne 
; bee wWAS i Be \ 
wW ee = on 8 
H fav Psy a ene i fe) / 
; ot) Lat. Foreland 51° 23’ N. 
\ i Lat. Texel ... 53 2 N. 
if Diff. of Lat... 1 39 
t o 60 
See Miles. ee §9 


With the chord of 60° describe a circle, through the centre of which draw 
ghe north and south, or meridian line, N. S., and at right angles to it the 
zast and west line, W. E. ; lay off from the meridian, upon the circumference 
of the circle, the several courses in their proper quarters, number them in 
order. and draw a rhumb line from the centre to each of the points; then, 
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on the first rhumb line, which is N. E. or 4 points, lay off the distance 35 
from the centre, and through the end of this first distance draw a line 
parallel to the second rhumb, E. b. S. 7 points, on which lay off the second 
distance 25; proceed thus till all the courses and distances are laid off, and 
through the end of the last distance draw the line a B parallel to the line 
W. E., meeting S. N. produced in B; then will a represent the ship’s place, 
cB will measure the difference of latitude made good 76.4, Ba the 
departure 59. 6, c a the distance run 96.91, and the angle B c a the course 
steered, 37° 58’ 

To find what course the ship must steer, and what distance she must 
run, before she can arrive at the Texel, lay off from c to p 99, the whole 
difference of latitude between the Foreland and the Texel, and through p 
draw p F parallel to W. E., and equal to the whole departure 115, then will 
F represent the situation of the Texel: through «a draw a £ parallel to c p, 
and join a F; then a E will be the northing, or difference of latitude 23, 
and x F the easting, or departure 55. 4, the ship has to make good; a F the 
distance the ship has to sail 60, and the angle E a F measuring 67° 27, the 
course from the ship to the Texel. 


TRAVERSE TABLE. 


Departure. 


| Diff. of Latitude. 
Courses. Distance. | , 


Diff. of Lat.| 76.4 


To find the Course and Distance made good. 
BY CALCULATION. 


To find the Course. To find the Distance. 


As diff. of latitude 76. 4 1. 88309 | As radius 10. 00000 
Is to radius 10. 00000 | Is to diff. latitude 76. 4 1. 88309 


So is departure 59. 6 1. 77525 | So is sec. course 37° 58’ 10. 10327 
11. 77525 11. 98636 

1. 88309 10. 00000 

To the distance 96. 91 1. 98636 


To tang course 37° 58’ 


9. 89216 
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BY INSPECTION. 
The difference of latitude 76. 4, and departure 59. 6, being looked for till 


they are found opposite each other in their respective columns, give the 
course 38°, and the distance $7 miles. 


T'o find the direct Course and Distance from the Ship to the Teel. 


Latitude of N. Foreland ... 51° 23’N. | Whole departure ............ 115m. E. 
Dif. of lat. made good, 76m.or 1 16 N. | Departure made good ...... 59. 6 E. 
DMUIEUEOG AT oes sc csus snes + ins 52 39 N. | Departure to.make good... 55.4 E, 
Latitude of Texel ......... 53 2N. serena 


Diff. of latitude to make good 0 23 N. 


BY CALCULATION. 


To find the Course. 


To find the Distance. 


As the diff. of latitude 23 1.36173 | As radius 10. 00000 
Is to radius 10. 00000 | Is to diff. of latitude 23 1. 36173 
So is departure 55. 4 1. 74351 | So is sec. course 67° 27’ 10. 41625 
ll. 74351 11. 77798 

1. 36173 10. 00000 


nes 


To tang. course 67° 27’ 10. 38178 | To the distance 59. 98 1. 77798 


BY INSPECTION. 


The departure 55. 4, and difference of latitude 23, being looked for in the 
Tables till they are found together, the nearest numbers answering to them 
will be over the course 6 points, and opposite the distance 60 miles 


EXAMPLES FOR EXERCISE. 


1. A ship from the Lizard, in latitude 49° 58’ N., sails as follows. 
S. by W. 42 miles, W. S. W. 36 miles, West 18 miles, E. S. E. 22 miles, 
South 34 miles, and N E. 21 miles: required her present latitude, and the 
direct course and distance made good. 

Answer. Her latitude in is 48°35’N., the course made good, S.16°27’ W., 
or S. by W. 4 W. nearly, and the distance 86. 13 miles. 


2. A ship from latitude 9° 26’ N. sails N. EX. 20 miles, North 33 miles. 
N.N. W. 15 miles, East 25 miles, N. E. by N. 42 miles, and S. W. 3 W. 
28 miles: required her course and distance made good, and her present 
latitude. 

Answer. Course N. 24° 12 E., or N. N. E. 4 E. nearly; distance 
85. 63 miles, and present latitude 10° 44’ N. 
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3. A ship from the Cape of Good Hope, in latitude 34° 22’S., saila 
S. W. 3 S. 27 miles, S. E. by E. 45 miles, S. W. by S. 48 miles, West 
32 miles, and S. S. W. 4 W.18 miles: required her course and distance 
made good, and her present latitude. 

Answer. Course 8. 24° 45’ W., or S. S. W. 1 W., distance 112 miles, 
and latitude in 36° 4 S. 


4. A ship from latitude 1912’ S., sails E. by N. 3 N. 56 miles, N. } E. 
80 miles, S. by E. 4 E. 96 miles, N. 3 E. 68 miles, E. S. E. 40 miles, 
N.N. W.3 W. 86 miles, and E. by S. 65 miles: required her direct course, 
distance, and her present latitude. 

Answer. Course N. 51° 47 E., or N. E. 3 E. nearly, distance 193. 8 
miles, and present latitude 0° 48’ N. 


5. A ship from latitude 46° 18’ N., sails N. 25° W. 50 miles, N. 74° FE. 
64 miles, S. 52° W. 36 miles, N. 35° E. 40 miles, N. 69° W. 75 miles, and 
S. 47° E. 48 miles: required her course, distance, and latitude in. 

Answer. Course North, distance 67. 7 miles, and latitude in 47° 26’ N. 


6. A ship from latitude 51° 30’ N., running at the rate of 8 knots an hour, 
sails W.S. W. 3 hours, N. W. 24 hours, West 4 hours, S. W. by S. 
21 hours, and N. W. 4 W. 2 hours: required her course, distance, and 
latitude in. 

Answer. Course West, distance 90. '7 miles, and latitude in 51° 30’ N. 


7. A ship from a Port in latitude 38° 42’ N., bound to another Port 
situated in latitude 36° 32’ N., and 137 miles to the eastward, sails the 
following courses: 8. by W. 4 W. 55 miles, S. W. b. S. 3 W. 37 miles, 
South 60 miles, E. S. E. 40 miles, S. E. b. S. 1 E. 32 miles, and 
N. E. b. E. 3 E. 58 miles: required her direct course and distance made 
good, her present latitude, and the direct course and distance to her intended 
Port. | 

Answer. The course made good is S. 23°38’ E., and the distance 
169 miles; the latitude in 36°'7’ N., the course to the intended Port 
N. 70° 8’ E., and the distance 73. 56 miles. 


8. The course (by compass) from Beachy Head to Selsea Bill is 
N. 67° W. and distance 40 miles; from Selsea Bill to St. Catherine’s 
Point N. 86° W. 21 miles; from St. Catherine’s Point to Portland Lights 
N. 69° W. 44 miles; from Portland Lights to the Start N. 85° W. 
49 miles: required the course and distance from Beachy Head to the Start. 

Answer. The course is N. 75°51’ W. or W.N. W. 2 W., and distance 
152. 2 miles. 


9. Suppose a ship to saii upon the following courses and distances :— 
S. E. by S. 29 miles, N. N. E. 10, E. S. E. 50, E. N. E. 50, S. S. E. 10, 
N. E. by N. 29, West 25, S. S. E. 10, W. S. W. 4 W. 42, North 110, 
Ii. 3 N. 62, North 7, West 62, North 10, West 8, South 10, West 62, 
South 7, E. 2 S. 62, South 110, W. N. W. 3 W. 42, N. N. E. 10, and 
West 25 miles : required her course and distance made good. 


Answer. The ship has returned to the place she sailed from. 


Nore. This example is taken from ‘‘ Robertson’s Elements of Navigation ;” the figure forming 
the shape of an Anchor. - 


( 80) 


PARALLEL SAILING. 


= Sp *- ES 


In Plane Sailing it was observed that the meridians are considered as 
bei:.g all parallel to each other, and the length of a degree on the meridian 
and parallel every where equal; which supposition will give just conclusions, 
so far as the course, distance, difference of latitude, and departure, are con- 
cerned ; because a ship, when sailing on a rhumb, makes equal angles with 
the meridians: but as the earth is a sphere, or globe, and the meridians 
meet at the Poles, it is evident that the distance between any two meridians 
must vary in every latitude, their greatest distance being at the Equator, on 
which the difference of longitude is measured: hence the difference of 
longitude always exceeds the departure, or meridian distance (except on 
the Equator, where they are the same), in proportion as the given places 
are situated further from the Equator. 


PARALLEL SaILInc is the method of finding the distance between two 
places in the same latitude when their difference of longitude is known, or 
of finding the difference of longitude answering to the meridian distance or 
departure made good, when a ship sails due east or west. 

This sailing is particularly useful in making small or low islands, in 
which case it is usual to run into the latitude, and then steer due east or 
west. 

The principles upon which Parallel Sailing 
depends, may be thus illustrated: Let raxc 
represent a section of one-fourth part of the earth, 
through the centre c, and one of the Poles p; 
then pae will be part of a meridian, rc the 
polar, and Ec the equatorial, semi-axis; also let 
P BO represent part of another meridian, a and x 
two places in the same parallel, being equally 
distant from the Equator £0 Q; then will aB be 
the meridian distance, and ro their difference of 
longitude; the arches Ar or Bo will measure 
their latitude, and ap or BP their co. latitude; ar, the radius of the 
parallel « Bs, will be the sine of the arch a Pp, the co. latitude; or co. sine 
of a £ the latitude of a or 8. Now the angles ar B and Ec 0 being equal, 
the arches a Band £ oO are similar; and as circles and similar arches of circles 
are in direct ratio to their radii, therefore 


no (orac): EO:: ABR t-aB. 


That is, As radius, Or, As radius, 
Is to difference of longitude, Is to any given portion of the Equator 
So is co. sine of latitude, So is co. sine of latitude, 


To the meridian distance Toa similar portion of a given parallel 
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And,AR : AB:: EC (orAc): EO. Also,FO: EGO ::AB: AR, 
That is, As co. sine of latitude That is, As difference of longitude 
Is to meridian distance, Is to radius, 
So is radius So is meridian distance 
To difference of longitude. To co. sine of latitude. 


Hence, if a triangle, as aBc (see figure in Case I.), be so constructed 
that the longest side a c may represent the difference of longitude in 
miles, the base aB the meridian distance, and the angle opposite to it 
A CB the co. latitude, consequently the other angle B a c equal to the 
latitude, and any two of these parts be given, the other may be found by 
‘l'rigonometry. 


CASE I. 


The Difference of Longitude between two Places, both in one Parallet 
of Latitude given, to find their Distance. 

Exampte. A ship in latitude 36° 58’ N., and longitude 20° 25’ W.., is 

bound to St. Mary’s, one of the Western Islands, in the same latitude, 


and in longitude 25° 13’ W., what distance must she run to arrive at the 
Island ? 


90° Longitude of ship ...... 20° 25’ W. 
Latitude...... 36 58 Longitude of St. Mary..25 13 W. 
Co. latitude... 53 2 Diff. of longitude ...... 4 48=288 miles. 


BY CONSTRUCTION. 


Draw the line aB of any length, and 
make the angle c a B equal to the latitude 
36° 58’ (Prob. XII. Geom.) ; from a to o 
lay off the difference of longitude 288, 
and from c draw cB perpendicular to a 3B 
(Prob. III. Geom.) ; then will a 8B measure 
230, the departure or distance required. 


BY CALCULATION. 
To find the Departure or Distance. 


WAM ABULORS lve: carchnanctsn cds gn as tic lucas cyst 10. 00000 
Is to the difference of longitude ac 288... 2. 45939 
So is the co. sine of latitude 36° 58’ ...... 9. 90254 
12. 36193 
10. 00000 


To the departure or distance 45 230.1.. 2.36193 


MM. 
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BY INSPECTION, 


Seek for the complement of the latitude 53° among the degrees in the 
Traverse Table, as if it were a course, and for the difference of longitude 
288 in one of the distance columns of that page, opposite to which, in the 
departure column, will be found 230, the departure or distance required. 


BY GUNTER’S SCALE. 


Extend from 90° to the co. latitude 53° 2’ on the line of sines; that 
extent will reach from the difference of longitude 288 to the distance 230. 1 
on the line of numbers. 


CASE II. 


The Distance between two Places both in the same Parallel of Latitude 
given, to find the Difference of Longitude. 


Exampre. A ship from latitude 49° 32’ N., and longitude 10°16’ W.. 
sails due West 118 miles: required her present longitude. 


BY CONSTRUCTION. 
Draw the line a 8, which make equal to the 90° 00’ 
given distance 118, and make the anglecas 1t----49 32 
equal to thelatitude 49° 32’(Prob. XII.Geom.); o, Jat. 40 28 
upon B erect the perpendicular B c, cutting 
the line ac in c (Prob. II. Geom.); then 
will the line a c measure 182, the difference 
of longitude required. 


A Dist.or Dep. 118m. B 
BY CALCULATION. 


To find the Diff. of Longitude. To find the Longitude in. 


As co. sine of lat. 49°32’ 9. 81225 | Longitude left 10° 10° W. 
Is to the distance aB 118 2.07188 | Diff. of longitude 182m. or 3 2 W. 
So is radius 10. 00000 | 


——— | Longitude in 13 18 W. 
12. 07188 
9. 81225 


To the diff. of long. 181.8 2.25963 


BY INSPECTION. 


Look for the co. latitude 40° in the Table, as a course, and for the 
distance 118 in one of the departure columns, opposite to which, in the 
distance column, will be found 184; but as the co. latitude is nearly half 
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way between 40° and 41°, look again in the page with 41° at the top, for 
the distance 118 in one of the departure columns, and opposite, in the 
distance column, will be found 180; then half the sum of this and 184, 
found before, will be 182, the difference of longitude. 


BY GUNTER’S SCALE. 


Extend from the co. latitude 40° 28’ to radius 90° on the line of sines; 
that extent will reach from the distance 118 to the difference of longitude 
182 miles. 


CASE III. 


The Differenceof Longitude and Distance between two Places in thesame 
Parallel of Latitude given, to find the Latitude of that Parallel. 


Eexamp.e. A ship sails due East 156 miles, and then finds she has 
altered her longitude 314 miles: required the latitude of the parallel she 
has sailed on. 


BY CONSTRUCTION. 


Draw the line a 8, and make it equal to the dis- 
tance 156; on B erect the perpendicular B c, and 
with an extent in the compasses equal to the differ- 
ence of longitude 314, set one foot in a, and with 
the other describe an arch cutting Bc in c, and 
draw the line ac; then the angle c a 8 will measure 
60° 13’ (Prob. XIII. Geom.), the latitude required. 


A Dist.156m. B 
BY CALCULATION. 


To find the Parallel of Latitude sailed on. 
As the difference of longitude ac 314 ... 2. 49693 
TS ty THINS Te peste peteae ees car ete aster ces ccues 10. 00000 
So is the distance or departure AB 156... 2.19312 


12. 19312 
2. 49693 


To co. sine of the latitude 60° 13” ......... 9. 69619 


BY INSPECTION. 

Seek in the several pages of the Table till half the difference of longitude 
and distance, viz. 157 and 78, (the whole exceeding the limits of the Table) 
are found opposite each other in the distance and departure columns, 
which will give the co. latitude 30° at the top of the page, and conse- 
quently the latitude required will be 60°. 


Mw 2 
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BY GUNTER’S SCALE, 


Extend from the difference of longitude 314 to the distance 156 on the 
ine of numbers; that extent will reach from 90° to the complement of 
the latitude 29° 4'7’ on the line of sines: hence the latitude required is 
6a° 13’ 


EXAMPLES FOR EXERCISE. 


1. A ship having taken her departure from North Cape, New Zealand, 
in latitude 34° 24 S., and longitude 173° 10’ E., being bound to Port 
Jackson, sails due West until she arrives in longitude 163° 35’ E.: required 
her distance run. 

Answer. Distance 4'74. 4 miles. 


2. A ship from Buchanness, in latitude 57° 29’ N., and longitude 
1° 47’ W., sails due East 125 miles : required her present longitude. 
Answer. Longitude in 2° 6’ E 


3. A ship in latitude 32° 22’ N and longitude 52° 20’ W., sails West 
365 miles : required her distance from the Island of Bermuda, in the same 
latitude, and in longitude 64° 43’ W. 

Answer. Distance of ship from Bermuda 262. 6 miles. 


4, A ship in latitude 60° N., and longitude 22° 30’ W., sails West 200 
miles : required her present longitude. 
Answer. Longitude in 29° 10 W. 


5. If a ship take her departure from Cape St. Antonio (at the entrance 
to the River Plate), which lies in latitude 36° 19’ S., and longitude 
56° 42’ W., how far must she sail due East to arrive at the meridian of 
the Cape of Good Hope, in longitude 18° 24 E.? 

Answer. 3631 miles. 


6. In what parallel of latitude is the departure or meridian distance 
one third the difference of longitude ? 
Answer. In latitude 70° 32’. 


7. A ship from longitude 81° 36’ W., sails West 310 miles, and then 
finds by observation she is in longitude ‘91° 50 W.; on what parallel of 
latitude has she sailed ? 

Answer. In latitude 59° 41’. . 


8. Suppose a ship from latitude 35° 30’ N., and longitude 6° 15’ W.., 
sails West 250 miles, North 525 miles, and then East 250 miles: required 
her present latitude and longitude. 

Answer. Latitude 44° 15’ N., and longitude 5° 33’ W. 


9. A ship from latitude 49° 32’ N., and longitude 21° 56’ W., sails 
N. W. by N. 20 miles, S. W. 40 miles, N. E. by E. 60 miles, S. E. 
55 miles, W. by S. 41 miles, and E. N. E. 66 miles: required her present 
latitude and longitude. 

Answer. Latitude 49° 32’ N., and longitude 20° 8’ W. 
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MIDDLE LATITUDE SAILING. 


=>!" SS / SS 


WHEN a ship sails due North or South, she keeps on the same 
meridian, and therefore does not change her longitude, and her distance 
run is the difference of latitude: consequently her place is easily deter- 
mined by the latitude left, and difference of latitude. Again, when a ship 
sails due East or West, her difference of longitude is found by the latitude 
in, and departure or meridian distance, as already explained in Parallel 
Sailing ; but when she sails upon any other course, she changes both her. 
latitude and longitude. Now the difference of longitude cannot be inferred 
either from the departure, considered as a meridian distance in the latitude 
left, or that come to; for in the greater latitude it would give the difference 
of longitude too much, and in the lesser latitude too little: the departure 
1s therefore accounted a meridian distance in the mean of the two latitudes, 
and then the difference of longitude is found as in Parallel Sailing; hence 
this method, which is compounded of Plane and Parallel Sailing, is called 
Mrppcie LartirupeE SaiLine. 


The middle latitude is half the sum of the two latitudes when they are 
of the same name; or half their difference, if of contrary names.* 


This method of sailing, although not strictly accurate, especially in high 
latitudes, approaches sufficiently near the truth for a day’s run; but it is 
used principally in low latitudes, and when the ship makes a course nearly 
east or west. 


CASE I. 


The Latitudes and Longitudes of two Places given, to find the 
Course and Distance between them. 


EXAMrLe. Required the course and distance from Cape St. Vincent, in 
latitude 37° 3’ N., and longitude 9° 1’ W., to Funchal, in Madeira, in 
latitude 32° 38’ N., and longitude 16° 56’ W. 


* The middle latitude computed as above, not being exactly the parallel in which the 
meridian distance is equal to the departure, the correct parallel, or as it may be called, the 
true middle latitude, may be found by the following proportion, viz., Mer. diff. latitude : 
(proper) diff. latitude :: radius : co. sine (true) middle latitude; which proportion may be 
thus investigated :— : 

First, By Middle Latitude Sailing, diff. lat. : diff. long. :: co. sine middle lat. : tangent 
diff. long. X co. si. mid. lat. 


course ; therefore, ——~—-—a:y5, _____ ==tangent course ; and by Mercator’s Sailing, 
diff. long. di 
Mer. diff. lat. : diff. long. :: radius : tangent course, or eed = tangent 
diff. long. % co. si. mid. lat. diff. long. % radius ! 
course. Hence oe Le ed mies oes TS Po rey consequently Mer. diff. 


lat. X co. si. mid. lat. == radius % diff. lat., and therefore Mer. diff. lat. : radius : (proper) 
diff. lat. :: co. si. (true) middle latitudes or Mer. diff. lat. : (proper) diff. lat. : radius : co, 
sine (true) middle latitude. 
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Lat. Cape St. Vincent 37° 3°N. — 37° 3’ Long. C. St. Vince. 9 17 W 
Lat. Funchal ...... .. 32 38 N. — 32 38 Long. Funchal 16 56 W 
Diff. of latitude 4 25 Sum 2) 69 41 Diff. of long. 7 55 

60 60 
—— Mid. lat. 34 50 
In miles 265 90 O In miles 475 
Co. mid. lat. 55 10 
BY CONSTRUCTION. A 


Draw the line a p to represent the meri- 
dian of Cape St. Vincent; make the angle 
A Dc equal to the co. mid. lat. 55° 10’, (Prob. 
XII. Geom.), and from p to c lay off the dif- 
ference of longitude 475 ; from c draw the line 
Bc perpendicular to a p, (Prob. III. Geom.); 
make B a equal to the difference of latitude 265, 
and draw the line a c: then will B c represent 
the departure 389. 9, the angle B a c the course 
55° 48’, or 5 points nearly ; and ac the dis- 


tance 471.5 miles. 


BY CALCULATION. 


To find the Departure. 


As radius 10. 00000 
Is to diff. of long 475 2. 67669 
So is co. sine mid. lat. 34°50’ 9. 91425 


12. 59094 
10. 00000 


ee ee 


To the departure 389. 9 2. 59094 
To find the Course without Dep.* 
As diff. of lat. 265 2. 42325 
Is to diff. of long. 475 2. 67669 
So is co, sine mid. lat. 34°50’ 9. 91425 


12. 59094 
2. 42325 


To tang. course 55° 48’ 10. 16769 


——— 


red. : diff. long. :: 


long. ; also, diff. lat. : rad. :: depr. : 


* Diff. of Lut. 265 m. 


D 
| To find the Course. 
As diff. of latitude 265 2. 42395 
Is to radius 10. 00000 
So is departure 389. 9 2. 59095 
12. 59095 
2. 42325 
To tang. course 55° 48’ 10. 16770 
To find the Distance. 
As radius 10. 00000 
Is to the diff. of laritude 265 2. 42325 
So is sec. course 55° 48/ 10. 25020 
12. 67345 
10. 00000 
To distance 471.5 2. 67345 


* This proportion is deduced from the two preceding, as may be thus demonstrated : first, 
co. s. mid. lat. : depr.; therefore rad. X dep. = co. s. mid. lat. X diff 
tang. course ; therefore rad. X dep., = diff. lat. X 


tang. course; consequently diff. lat. x tang. course co. s. mid. lat. X diff. long. ; whence 


diff. lat. : 


mid. lat. : tang. course. 


co. s. mid, lat. :: diff. long. : tang. course; or, diff, lat. : diff. long. :: co. % 
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Hence the course from Cape St. Vincent to Funchal is S. 55°48 W., or 
S. W.b. W. nearly, and the distance 471.5 miles.* 


BY INSPECTION. 


Look for the co. middle latitude 55°, as if it were a course, and for 237, half 
the difference of longitude (the whole being too great) in a distance column, 
immediately opposite to which, in the departure column, will be found 
194. 1; this multiplied by 2, gives the departure 388. 2. 

Then 132. 5, half the difference of latitude, and 194. 1, half the departure, 
being found nearly opposite each other in their respective columns, will give 
the course 56°, or 5 points, and half the distance 235, which multiplied 
by 2, gives the distance 4'70 miles. 


BY GUNTER’S SCALE. 


Extend from 90° to the complement of middle latitude 55° 10’ on the 
sine of sines; that extent will reach from the difference of longitude 475 to 
the departure 389. 9 on the line of numbers. 

Extend from the difference of latitude 265 to the departure 389.9 on the 
line of numbers ; that extent will reach from 45° to the course 55° 48’ on the 
line of tangents. 

Extend from the complement of the course 34° 12’ to 90° on the line of 
sines; that extent will reach from the difference of latitude 265 to the 
distance 471. 5 on the line of numbers. 


CASE II. 


One Latitude, Course, and Distance given, to find the Difference 
of Latitude and Longitude. 


Examp e. A ship from lat. 52°6’ N.,and long.35° & W., sails N.W.b.W 
229 miles : required her present latitude and longitude. 


BY CONSTRUCTION. 

Draw the line a pv, and make the angle pac 
equal to the course 5 points; lay off, from a to c, 
the distance 229, and draw the line c B perpendi- 
cular to the line ap; then will the departure c B 
measure 190. 4, and the diff. of latitude a B 127: 
hence the latitude in is 54° 13’, and the middle 
latitude 53° 9’. Now make the angle Bc p equal 
to the middle latitude 53° 9’, then will c p be the 
difference of longitude, measuring 317. 4 miles. 


* If the true middle latitude were found by the proportion 
given at the bottom of page 85 (34° 52’), the course would be 
55°47’, and the distance 471.3; the sameexactly as found by 
Mercator’s Sailing. 
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BY CALCULATION. 


To find the Difference of Latitude. 


As radius 10. 00000 


Is to distanee 229 2. 35984 
So is co. sine course 5 pts. 9. 74474 
12. 10458 
10. 00000 
To the diff. of lat. 127.2 2. 10458 
To find the Departure. 
As radius 10. 00000 
Is to distance 229 2. 35984 
So is sine course 5 pts. 9. 91985 
12. 27969 
10. 00000 
To the departure 190. 4 2. 27969 


To find Diff. Longitude without Dep.* 


As co. sine mid. lat. 53° 9’ 9.77795 
Is to diff. of lat. 127. 2 2. 10449 
So is tang. course 5 pts. 10. 17511 
12. 27960 

9.77795 

To the diff. of long. 317.4 2.50165 


Diff. of lat. 127 miles, or g° 7 N. 
Latitude left 52 ON 
Latitude in 5413 N. 
Sum of latitudes 2) 10619 
Middle latitude 53 9 
90 0 
Co. mid. latitude 36 51 


To find the Difference of Longitude. 


As co. sine mid. lat. 53° 9-9. 77795 
Is to departure 190. 4 2. 27967 
So is radius 10. 00000 
12. 27967 

9.77795 

To the diff. of long. 317.5 2.50172 


To find the Longitude in. 


Longitude left 35° 6’ W. 
Diff. of long. 317m. or 5 17 W. 
Longitude in 40 23 W. 


BY INSPECTION, 


Look for the course 5 points at the bottom of the pages, over which, and 
opposite the distance 229 in its column, will be the diff. of latitude 127. 2, 
and departure 190. 4, in their respective columns. 

Look for the co. mid. latitude 37° (being the nearest to 36° 51’) as if it 
were a course, and for half the departure 95. 2 in its column, opposite the 
nearest to which, in the distance column, will be found 158 ; this, multiplied 
by 2, gives the difference of longitude, 316 miles. 


“ Or, by considering the whole figure ac D as an oblique-angled triangle, it may be 
stated thus: as co. sine mid. lat. is to distance so is sine course to diff. of longitude. 
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BY GUNTER’S SCALE. 


Extend from 8 points to the complement of the course 3 points on the 
line of sine rhumbs ; that extent will reach from the distance 229 to the 
difference of latitude 127. 2. 

Extend from 8 points to the course 5 points on the line of sine rhumbs ; 
that extent will reach from the distance 229 to the departure 190. 4. 

Extend from the co, mid. latitude 36° 51’ to 90° on the line of sines ; 
that extent will reach from the departure 190. 4 to the difference of longi- 
tude 317. 4. 


CASE III. 


Both Latitudes and Departure given, to find the Course, Distance, 
and Difference of Longitude. | 


Exampte. A ship from latitude 49° 57’ N. and longitude 5° 11’ W 
sails between the South and West until she arrives in latitude 38° 27’ N. 
and finds she has made 440 miles of departure : required the course she has 
steered, the distance run, and the longitude she is in. 


Latitude left QUO D7 Ne oor eas Jokes 49° 57’ N. 
Latitude in Pa PHONE gc ac decteinaecs Bg i 
Diff. of latitude 11 30 Sum 2) 88 24 
60 
—- Mid. lat. 44 12 
In miles 690 90 00 


Diff. of Lat. 690 m 


Co. mid. lat. 45 48 


BY CONSTRUCTION. 


Draw the line a p, and from a to B lay off the dif- 
ference of latitude 690; on B erect the perpendicular 
B Cc, which make equal to the departure 440, and join 
Ac: draw the line c p, so as to make an angle with 
c B, equal to the middle latitude 44° 12’; then the , 
course c 4 B will measure 32° 31’, the distance a c , 


818. 5, and the difference of longitude p c 613.7 % 
BY CALCULATION. 
To find the Course. To find the Distance. 

As diff. of latitude 690 2. 83885 | As sine of course 32° 3]’ 9. 73042 
Is to radius 10. 00000 | Is to departure 440 2. 64345 
So is departure 440 2. 64345 | Sois radius. 10. 00000 
12. 64345 . 12.64345 
2. 83885 9. 73042 
To tang. course 32° 3)’ 9. 80460 | To the distance 818.5 2. 91303 


N 
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To find the Difference of Longitude. To find the Longitude in. 
As co. sine mid. lat. 44° 12’ 9.85547 | Longitude left §° 11’ W 
Ts to departure 440 2. 64345 | Diff. of long. 614m. or 10 14 W 
So is ote 10. 00000 —-— 
———— | Longitude in 15 25 W 
12. 64345 ‘ ne 
9. 85547 


To diff. of long. 613.7 2. 78798 


BY INSPECTION. 


One fourth the difference of latitude and departure, that is, 1'72. 5 and 
110, are found to correspond nearly under 32° and 33°, the departure 
opposite the difference of latitude 172. 5, being too little under 32°, and too 
much under 43°; therefore the course is about 321 degrees, and the dis- 
tances answering to these are 203 and 206: their sum 409, divided by 2, 
gives one fourth the distance 204.5, which, multiplied by 4, gives the 
whole distance 818. 


The complement ot middle iatitude 46° taken as a course, with one-fourth 
the departure 110, in its column, gives in the distance column 153 ; this, 
multiplied by 4, will be the difference of longitude 612. 


BY GUNTER’S SCALE. 


Extend from the difference of latitude 690, to the departure 440 on the 
line of numbers; that extent will reach from 45° to the course 32° 31’ on 
the line of tangents. 


Extend from the course 32° 31’ to 90° on the line of sines; that extent 


will reach from the departure 440 to the distance 818.5 on the line of 
numbers. 


Extend from the co. mid. lat. 45° 48’ to 90° on the line of sines; that 


extent will reach from the departure 440 to the difference of longitude 
613.'7 on the line of numbers. 


CASE IV. 


Both Latitudes and Course given, to find the Departure, Distance, 
and Difference of Longitude. 


Exampte. A ship from latitude 42° 25’ N., and longitude 15° 6’ W., 
sails N. E. b. E. for several days, and then finds by observation that she 
is in latitude 46? 20’ N.: required the distance she has sailed, and her 
present longitude. 
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Latitude left 42° Q5’ N. ......ss000 AX 25’ N. 
Latitude by obs. 46 20 N. .........4 46 20 N. 
Diff. of latitude 3 55 Sum 2) 88 45 
60 
Mid. lat. 44 22 D 
In miles 235 90 00 


Co. mid. lat. 45 38 


BY CONSTRUCTION. 


Draw the line a p, and from a to B lay off the 
difference of latitude 235 ; ov B erect the perpen- 
dicular 8 c, and make the angle B a c equal to the 
course 5 points; draw the line cp, making an 
angle equal to the middle latitude 44° 22’ with B c; 
then the departure 8B c will measure 352, the dis- 
tance ac 423, and the difference of longitude 


DaofLat.235uxg 


Dc 492 
BY CALCULATION 
To find the Departure. To find the Distance. 
As radius 10. 00000 | As co. sine of course 5 pts. 9.74474 
Is to diff. of latitude 235 2.37107 | Is to diff. of latitude 235 2.37107 
So is tang. course 5 pts.  10.17511 | So is radius 10. 00000 
12. 54618 12. 37107 
10. 00000 9. 74474 
To the departure 351.7 2.54618 | To the distance 423 2. 62633 
To,find the Difference of Longitude. To find the Longitude in, 
As co. sine mid. lat. 44°22’ 9.85423 | Longitude left 15° & W. 
Is to departure 351.7 2.54617 | Diff. of long. 492m, or 812 E. 
So is radius 10. 00000 
———— | Longitude in 6 54 W. 
12. 54617 
9. 85423 


To diff. of longitude 492 2. 69194 


BY INSPECTION. 


Over the course 5 points, and opposite half the difference of latitude 
117. 5, in its column, will be found half the departure 1'75. 4, and half the 
distance 211; these, multiplied by 2, give the whole departure 350. 8, and 
the distance 422. 

N2 
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The co. mid. lat. 45° 38’ being taken as a course between 45° and 46°, 
give opposite half the departure 175.4, in the distance columns, 248 and 
244; half the sum of these, viz. 246, will be half the difference of 
longitude, which, multiplied by 2, gives the difference of longitude 492. 


BY GUNTER’S SCALE. 


Extend from the complement of the course 3 points w the course 5 points 
on the line of sine rhumbs; that extent will reach from the difference ot 
latitude 235 to the departure 351. '7 on the line of numbers. 

Extend from the complement of the course 3 points to 8 points on the 
line of sine rhumbs; that extent will reach from the difference of latitude 
235 to the distance 423 on the line of numbers. 

Extend from the co. mid. lat. 45° 38’ to 90° on the line of sines ; that 
extent will reach from the departure 351.7 to the difference of longitude 
492 on the line of numbers. 


CASE V. 
Both Latitudes and Distance given, to find the Course and 
Difference of Longitude. 


Examp.Le. Suppose a ship from latitude 56° 30’ N. has sailed South- 
easterly 257 miles when she arrives in latitude 54° 47” N.; required her 
course, and difference of longitude. | 


Datitudeileft. .56%30.NY we. Ac Ihe re ee eae 56° 30’ N. 
Latitude in 54647 IN. .20 keene bidda cee .... 64 47 N. 
Diff. of lat. 1 43 2) 111 17 

60 


Mid. lat. 55 38 
In miles 103 90 00 


Co. mid. lat. 34 22 


BY CONSTRUCTION. 

Draw the line a p, and from a to B lay off the 
difference of latitude 103; on B erect the perpen- 
dicular Bc; and with the distance 257 in the com- 
passes, placing one foot in a, let the other cross 
BC in c, and draw the line a c; draw c D, making 
with cB an angle equal to the middle latitude 
55° 38’; then the course B a c will measure 66° 22’, 
and the difference of longitude c p 417. 
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BY CALCULATION. 


To find the Course. To find the Difference of Longitude. 
As the distance 257 2. 40993 | As co. sine mid. lat. 55° 38’ 9.75165 
Is to radius 10. 00000 | Is to tang. course 66° 22’ = 10.35894 
So is diff. of lat. 103 2.01284 | So is diff. lat. 103 2.01284 
12. 01284 12. 37178 
2. 40993 9. 75165 


To co. sine course 66° 22 = 9. 60291 | To diff. of longitude 417 2. 62013 


Note. We shall omit working this and the following Cases by Inspection 
and Gunter’s Scale, as it is presumed the learner sufficiently understands 
those methods, without further instruction. 


CASE VI. 


One Latitude, Course, and Departure given, to Jind the Distance, 
Difference of Latitude, and Difference of Longitude. 


Exampve. A ship sails S. S. W. from latitude 51°15 N., gz A 
and longitude 9° 50’ W., until her departure is 250 miles 
tequired the distance sailed, and her present latitude and 
ongitude. 


BY CONSTRUCTION 


Having drawn the line a p, make a E perpendicular to it, 
and equal to the departure 250 ; through rE draw E c parallel 
to a D, and draw ac, making an angle with ap, equal to the 
course 2 points; draw c B parallel to a £, and the line c p, 
making an angle with c B, equal to the middle latitude 
46° 13’; then will the difference of latitude a B, measure 
603. 6, the distance a c 653. 3, and the difference of longi- 
tude c p 361. 3. 


To find the Difference of Latitude. 


As sine of course 2 pts. 9.58284 | Latitude left 51° 15° N 
Is to departure 250 2.39794 | Diff. of latitude604m. or 10 4 S. 
So is co. sine of course 2 pts. 9.96562 
———— | Latitude in 4] lI N 
12. 36356 
9. 58284 Sum of latitudes 2) 92 26 
To the diff. of lat. 603. 6 2. 78072 Middle latitude 46 13 
-——-——— 90 00 


Co. mid. latitude 43 47 
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To jind the Distance. To find the Difference of Longitude. 

As sine of course 2 pts. 9. 58284 | As co. sine mid. lat. 46°13’ 9.84006 
Is to eae 250 2.39794 | Is to departure 250 2. 39794 
So is radius 10. 00000 | So is radius 10. OOV0O 
12. 39794 12. 39794 

9. 58284 9. 84006 


ee 
ee 


To the distance 653.3 2.81510 | Tothe diff. of long. 361.3 2.55788 


Dongitucleslett (yin, dived cat adeeneniottou eye 9° 50’ W. 


Diff. of longitude 361 miles, or ............ OG chess 
Longitude iit 200200), ostvs rah coved cottcuwess a 15 51 W. 
CASE VII. 


One Latitude, Distance, and Departure given, to find the Course, 
Difference of Latitude, and Difference of Longitude. 


Examp.e. A ship from latitude 54° N., and longitude 33° 20’ W., sails 
350 miles, between the North and East, until she has made 220 miles of 
departure: required the course steered, and her present latitude and 
longitude. | 


D 


BY CONSTRUCTION. 


Draw the line a p, and make a E perpendicular to it, 
and equal to the departure 220: through x draw Ec 
parallel to a p, and, with the distance 350 in the com- 
passes, set one foot in a, and let the other cross cE inc; 
join ac, and draw Bc parallel to a £; then the course 
B AC will measure 38° 57’, and the difference of latitude 
AB 272.2: hence the latitude in will be 58° 32’, and 
the mid. lat. 56° 167. 

Make the angle Bc p equal to 56°16’, and the differ- 
ence of longitude pc will measure 396. 2. 


BY CALCULATION. 


To jind the Course. To find the Difference of Latitude. 
As the distance 350 2.54407 | As radius 10. 00000 
Is to radius 10. 00000 | Is to distance 350 2. 54407 
So is departure 220 2.34242 | Soisco. sine of course 38°57’ 9.89081 
12. 34242 12. 43488 
2. 54407 10. 00000 


To sine of course 38°57’ 9.79835 | To the diff. of lat. 272.2 2. 43488 
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Latitude left 54° WN. | To find the Difference of Longitude. 
Diff. of lat. 272m. or 4 32 N. | As co. sine mid. lat. 56°16’ 9.74455 
5 , Is to departure 220 2.34242 
Latitude in 58° 32° NN, | Sosa radios 10. 00000 
Sum of latitudes 2)112 32 12. 34249 
Mid. latitude «56-16 aoa 
90 00 


To the diff. of long. 396.2 2.59787 


Co. mid. latitude 33 44 | 


| a OC CS Coe oraten 4 ia c peroe bare permet errr 33° 20/ W. 
Difference of longitude 396 miles, or ...... 6 36 E. 
DIGI © TM? us dus oP dolip scGh can ae ede o ese og eee 26 44 W. ; 


CASE VIII. 


One Latitude, Departure, and Difference of Longitude given, to find 
the other Latitude, Course, and Distance.* 


Examrie. A ship from latitude 36° 32’ N. 
sails between the South and West until she has 
made 480 miles of departure, and 562 miles of 
difference of longitude: required her present lati- 

tude, course steered, and distance run. 


BY CONSTRUCTION. 


Having drawn the Ime a p, make Bc perpen- 
dicular to it, and equal to the departure 480; 
draw c p equal to the difference of longitude 562, 
meeting a D in p; then the middle latitude Bc D 
will measure 31°90 ; hence the latitude in is 26° 8’, 
and the difference of latitude 624: now make a B 
equal to 624, and jon ac, which will measure 
the distance 787.2, and the course c 4 B will be 
37° 34, 


D. of Lat. 624m. 


ee) 


BY CALCULATION. 


To find the Middle Latitude. Middle latitude 3]° ony: 
‘ As the diff. of long. 562 2.74974 2 
Is to radius 10. 00000 
So is devarture 480 2.68124 | Double mid. lat. 62 40 
———_ | Latitude left 36 32N. 
12. 68124 
2.74974 | Latitude in 26 8N. 
To co. sine mid. lat. 31°20’ 9.93150 | Diff. of lat. 10 24=624 m. 


rn = ——_—_- --—-———————- sO 


* This Case cannot be so:ved by Mercator’s Sailing. 
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To find the Course. ; To find the Distance. 
As diff. of lat. 624 2.79518 | As radius 10. 00000 
Is to radius 10. 00000 | Is to diff. of lat. 624 2.79518 
So is departure 480 2. 68124 | So is sec. course 37°34 10. 10092 
42. 68124 12. 89610 
2.79518 .0. 00000 


To tang. course 37° 34/ 9. 88606 To the distance 787.2 . 2.89610 


MERCATOR’S SAILING. 


<==’ * es 


MERCATOR’S SAILING is the art of finding on a plane surface the 
motion of a ship upon any assigned course of the compass which shall be 
true in latitude, longitude, and distance sailed. ‘This method is derived 
from the projection of Mercator’s Chart, in which the degrees of longitude 
are. every where equal, the degrees of latitude increase towards the poles, 
oS the parallels, meridians, and rhumb-lines are all represented by strait 

nes. | 

Charts, in which the degrees of longitude and latitude are every where 
equal, are termed Prange Charts. These, it must appear obvious from 
what has been said in Parallel and Middle Latitude Sailing, are constructed 
on erroneous principles ; and it is also evident that their error must increase 
in proportion as the places are more remote from the Equator; but the 
great inconvenience of using curved lines on a plane surface, induced 
mariners, notwithstanding their incorrectness, to use the Plane Charts, till 
Mr. Gerrard Mercator, about the year 1556, published a chart, in which he 
continued the meridians all parallel to each other, thereby extending the 
degrees of longitude beyond their proper length ; but, in order to compen- 
sate for this expansion of the degrees of longitude, he enlarged the meri- 
dional lines, that is, increased the distance between the parallels, so that the 
proportion between a degree of latitude and longitude might be every where 
preserved on the chart, at the same time that the meridians, parallels, and 
rhumbs would be all projected into strait lines: whence a chart thus con- 
structed has obtained the name of Mercaror’s Cuart. It does not, 
however, appear that Mercator understood the true principles of this 
projection, as he did not enlarge the meridional degrees in their just 
proportion. . 

In the year 1599, Mr. Edward Wright, of Caius College, Cambridge, 
published the true principles of Mercator’s Chart, in a work entitled “ T7'he 
Correction of certain Errors in Navigation ;” where he shewed, by a Table 
of Meridional Parts, the length of the enlarged meridians in miles of the 


| 


; 
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equator to every minute of latitude, and which Table he constructed accord 
ing to the following principles :— 

It has been already demonstrated in Parallel Sailing, that the length of 
any portion of a parallel is to a similar portion of the equator as the co. sine 
of the latitude is to radius; but the meridians and equator being equal on 
the globe, therefore the length of any portion of a parallel is to a similar 
portion of a meridian, as co. sine of the latitude is to radius; or, which is the 
same thing, as radius is to the secant of the latitude. Now, if the meridians 
are made parallel to each other, the length of a degree or minute of longitude 
will remain the same in every latitude as at the equator, by which they 
will be enlarged beyond their proper length in the ratio of radius to secant 
of the latitude ; therefore, the length of the meridional degrees or minutes 
must be likewise increased in the same proportion. Hence the length of 
the first minute, or mile of latitude, from the equator will be represented by 
the secant 1’, (the length of a mile on the equator being radius); the 
second mile by the secant of 2’; the third mile by the secant of 3’, &c.: 
consequently the length of the meridional line to any latitude will be equal 
to the sum of the secants of all the intermediate miles between the equator 
and the given latitude. 

This method of constructing meridional parts is not strictly accurate, 
because the secants should be taken to every point of latitude; but as the 
tables of meridional parts are seldom carried to decimals, the error is of no 
consequence in any navigable latitude. However, more accurate and expe- 
ditious methods have been since invented for the same purpose. 

To find the length of the expanded meridian between any two parallels 
of latitude, or, as it is called, the meridional difference of latitude, the same 
rules are to be observed as in finding the true or proper difference of 
latitude—that is, if the latitudes are of the same name, the difference of 
their corresponding meridional parts (taken from Table III.); but if the 
latitudes are of contrary names, the sum of those parts will be the meri- 
dional difference of latitude. 

From the principles of Mercator’s Chart itis proved, that if a B (see the 
figure in Case I.) represent the true or proper difference of latitude between 
two places, the angle Bac the course, ac the true distance, Bc the 
departure, as in Plane Sailing; and if we produce a 8 to p till it be equal to 
the enlarged or meridional difference of latitude, and draw p E parallel to 8 c, 
then will p& represent the difference of longitude. Now the triangles a z ¢ 
and a pF are similar, the angle a being common to both, and the sides 8 v 
and p £ parallel; therefore, as AB: BC:: AD: D E—that is, as the proper 
difference of latitude is to the departure, so is the meridional difference of 
latitude to the difference of longitude. Hence, likewise, in the triangle « p kr, 
making a p radius, we have—As radius: aD :: tang. angle a: Ep; that 
is, as radius is to mer. diff. of latitude, so is tangent of the course to the 
erence of longitude ; or, making a E radius—As co. sine angle 1: a D:: 
sine angle a : ED; that is, as co. sine of the course is to mer. diff. of lati- 
tude, so is sine of the course to the diff. of longitude: which proportions, 
with others derived from these triangles, will resolve all the Cases in 


Mercator’s Sailing. 
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In the following Cases, except the eighth, the same examples are intro- 
duced as in Middle Latitude Sailing, in order that a comparison may be 
made between the two methods. 


CASE I. 


The Latitudes and Longitudes of Two Places given, to find the 


Course and Distance between them. 


Exampce. Required the course and distance from Cape St. Viacent, in 
latitude 37° 3’ N. and longitude 9° 1’ W. to Funchal, in Madeira, in lati- 
tude 32° 38’ N. and longitude 16° 56’ W. 


Lat. Cape St. Vince. 37° 3’ N. Mer. parts 2396 Long.C.St. Vin. 9° 1 W. 


Lat. Funchal 
Diff. of latitude 


In miles 


32 38’ N. Mer. parts 2073 Long. Funchal 


ooo 


4 25 Mer. diff.oflat.323 Diff. of long. 
60 — 


265 In miles 


BY CONSTRUCTION. 


Draw the line a p to represent the meri- 


dian of Cape St. Vincent, upon which lay 
off the meridional difference of latitude 


323; on np erect the perpendicular p E 
(Prob. II. or XIE. Geom.); make it equal 
to the difference of longitude 475, and 
draw the line a £; from a to B lay off the 
proper difference of latitude 265, and 
through B draw Bc parallel to DE; then 
will the angle EapD be the course, mea- 
suring 55° 47’, or 5 points nearly, and ae 
the distance, 471 miles, 


To find the Course. 


BY CAILCULATION. 


As mer. diff. of lat. 323. 2.50920 | As radius 


Is to radius 


10. 00000 | Is to prop. diff. lat. 265 


So is diff. of long. 475 2.67669 | So is sec. course 55° 47’ 


ae ee 


12. 67669 
2. 50920 


Teo tang. course 55° 47’ 10. 16749 | To the distance 471.3 


16 56 W. 


of Lat: 323 


To find the Distance. 


10. 00000 
2. 42325 
10. 25001 


12. 67326 
10. C0000 


2. 67326 


Hence the direct course from Cape St. Vincent to Funchal is § 55° 47” W 
or S. W.b. W. nearly, and the distance 471 miles. 
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BY INSPECTION 


Seek in the Tables for half the merid. diff. of lat. 161. 5, and half the diff 
of longitude 237. 5, till they are found against each other in the lat. and 
dep. columns: the nearest to these are 160.5 and 237.9 in that page 
marked 56° at the bottom, which is the course; over that course, and 
opposite half the proper diff. of latitude, 132. 5 in its column, is found, in 
the dist. column, 237, which multiplied by 2, gives the distance required. 

74 miles. 
BY GUNTER’S SCALE. 


Extend from the mer. diff. of lat. 323 to the diff. of long. 475 on the 
line of numbers; that extent will reach from 45° to the course 55° 47 on 
the line of tangents. 

Extend from the complement of the course 34° 13’ to 90° on the line of 
sines; that extent will reach from the proper diff. of lat. 265, to the dis- 
tance 471 on the line of numbers. 


CASE II. 


One Latitude, Course, and Distance given, to find the Difference of 
Latitude and Difference of Longitude. 


Examrce. A ship from latitude 52° 6’ N. and longitude 35° 6’ W 
sails N. W. b. W. 229 miles: required her present latitude and longitude. 


BY CONSTRUCTION. 


Draw the line ap, and make the 
angle Dp A E equal to the course 5 © Diff. of Long. D 
points ; from a to c lay off the dis- 
tance 229, and from c draw c B per- 
pendicular to ap; then will a B 
measure the diff. of latitude 127: a 
hence the latitude come to is 54° 13’, 
and the mer. diff. of latitude 212; 
make a D equal to 212, and draw pE 
parallel to Bc; then will the differ- 
ence of longitude p E measure 317. 3. 


BY CALCULATION. 


@ Lat 


Departure 


Mer. diff. 


To find the Difference of Latitude. To find the Latitude in. 
As radius 10. 00000 | Lat. left 52° 6’ N. Mer. pts. 3675 
Is*to distance 229 2.35984 | Diff. of lat. 2 7 N. 


So is co. sine course 5 pts. 9.74474 
——_—— | Lat.in 5413 N. Mer. pts. 3887 
12. 10458 


10. 00000 Mer. diff. of lat. 212 


To the diff. of lat. 127.2 2. 10458 


ere, 


con ore 


o 2 


100 MERCATOR’S SAILING 


To find the Difference of Longitude. To find the Longitude in. 
As radius 10.00000 | Longitude left 35° & W 
Is to mer. diff. lat. 212 2.32634 | Diff. of long. 317m. or 5 17 W. 
So is tang. course 5 pts. 10. 17511 
————- | Longitude in 40 23 W. 
12. 50145 
10. 00000 


To diff. of longitude 317.3 2.50145. 


BY INSPECTION. 


Over the course 5 points, and opposite the distance 229, is the difference 
of latitude 127. 2: hence the latitude come to is 54° 13’, and the mer. diff. 
of lat. 212; then over the course 5 points, and opposite half the mer. diff. 
of lat. 106, in a lat. column, will be found 158. 8 im a dep. column, which, 
multiplied by 2, gives the diff. of longitude 317. 6. 


BY GUNTER’S SCALE. 


Extend from 8 points to the complement of the course 3 points on the 
line of sine rhumbs; that extent will reach from the distance 229 to the 
difference of latitude 127. 2 on the line of numbers. 


Extend from 4 points to the course 5 points on the line of tangent 
rhumbs; that extent will reach from the mer. diff. of latitude 212 to the 


diff. of longitude 317. 3. 


CASE III. 


Both Latitudes and Departure given, to find the Course, Distance, 
and Difference of Longitude. 


Exampie. A ship from latitude 49° 57’ N. and longitude 5° 11’ W. 
sails between the South and West until she arrives in latitude 38° 27’ N., 
and finds she has made 440 miles of departure: required the course she 
has steered, the distance run, and the longitude she is in. 


Latitude left 49° 57’ N. Mer. parts 3470 
Latitude in 38 27 N. Mer. parts 2503 
Diff. of latitude 11 30 Mer. diff. latitude 967 

60 heel 


Miles 690 
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BY CONSTRUCTION. fe 
Having drawn the line a p, make a 8 equal to 
the proper diff. of latitude 690; on 8 erect the 
perpendicular pc, and make it equal to the 
departure 440; also make a p equal to the i 
meridional diff. of latitude 967, and draw pE S 
parallel to Bc; through a and c draw the line 8 
AE, Meeting DE in E; then will the anglecas 4 
be the course 32°31’, ac the distance 818. 5, < 
and p E the difference of longitude 616. 5. S 
= 
E Dif.of Long. D 
BY CALCULATION. 
- To find the Course. To find the Distance. | 
As diff. of latitude 690 2.83885 | As sine of course 32° 3]’ 9. 73042 
Is to radius 10. 00000 | Is to departure 440 2. 64345 
So is departure 440 2.64345 | So is radius 10. 00000 
12. 64345 12. 64845 
2. 83885 9. 73042 
To tang. course 32° 31’ 9.80460 | To the distance 818.5 2. 91303 
To jind the Difference of Longitude.* To find the Longitude in 
As radius” 10. 00000 | Longitude left 5° 117 W. 
Is to mer. diff. lat. 967 2.98543 | Diff. of long. 616m. or 10 16 W. 
So is tang. course 32° 31’ 9. 80447 
———— | Longitude in 15 27 W 
12. 78990 
10. 00000 | 
To diff. of long. 616.5 2. 78990 | 


BY INSPEC1{0ON. 


One fourth the difference of latitude and departure, that is, 172. 5 and 
110, are found to correspond nearly under 32° and 33°, the departure 
opposite the difference of latitude 172. 5, being too little under 32°, and too 
much*under 33°: therefore the course is about 323 degrees, and the dis- 
tances answering to these are 203 and 206: their sum 409, divided by 2, 
gives one fourth the distance 204. 5, which, multiplied by 4, gives the 
whole distance 818. 


—_—_—~ — ———. —— te ons 


* Or, since the triangles anc and aD FE are similar, the difference of longitude may be 
found independent of the course; for as AB : BC :: AD: DE; that is, as the proper 
diff. of lat. is to the dep.,so is the mer. diff. of lat. to the diff. of longitude. 
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One fourth the mer. diff. of latitude 241.'7, in one of the lat. columns of 
the page marked with the course 32° at the top, gives in the dep. column 
151.0; and the same with the course 33° at the top, gives 156. 9 ; the sum 
of these is 307. 9, which, divided by 2, gives 153.9; this multiplied by 4, 
gives the difference of longitude 615. 6. 


BY GUNTER’S SCALE. 


Extend from the difference of latitude 690 to the departure 440 on the 
line of numbers; that extent will reach from 45° to the course 32° 31’ on 
the line of tangents. ) 

Extend from the course 32° 31’ to 90° on the line of sines; that extent 
will reach from the departure 440 to the distance 818.5 on the line of 
numbers. 

Extend from 45° to the course 32° 31’ on the line of tangents ; that 
extent will reach from the meridional diff. of latitude 967, to the difference 
of longitude 616. 5, on the line of numbers. 


CASE IV. 


Both Latitudes and Course given, to find the Distance, and 
Difference of Longitude. 


Examp.e. A ship from latitude 42° 25’ N., and longitude 15° 6’ W., 
sails N. E. b. E. for several days, and then finds by Observation that she is 
in latitude 46° 20/ N.: required the distance she has sailed, and her present 
longitude. 


Latitude left 49° 95’ N. Mer. parts 9815 
Latitude in by Obs. 46 20 N. Mer. parts 3144 
Diff. of latitude 3 55 Mer. diff. latitude 329 


0 | eee | 


In miles 235 


BY CONSTRUCTION. 


Draw the line a p, and from a to B lay off _D Diff. Long. . 
the diff. of lat. 235; on B erect the perpen- = 
dicular 8c, and make the angle Bac equal, 
to the course 5 points ; lay off the mer. diff. 
of lat. 329 froma to p, and through p draw 
DE parallel to nc; then the distance ac 
will measure 423, and the diff. of longitude 
DE 492. 


> 608. PT Hip 


MERCATORS SAILING. 103 


BY CALCULATION. 


To find the Distance. To find the Difference of Longitude. 
As co. sine of course 5 pts. 9.74474 | As radius 10. 00000 
Is to diff. of latitude 235 2.37107 | Is to mer. diff. of lat. 329 2.51720 
So is radius 10. 00000 | Sois tang. course Spts. 10.17511 
12.37107 12. 69231 
9. 74474 10. 00000 
To the distance 423 2. 62633 | To diff. of long. 492.4 2. 69231 
PAOD DICH USAUSE 1 Wiinie ne dawns Sess odes oncivapeanse 15° 6 W. 
Difference of longitude 492 miles, or ...... 8 12 E. 
Longitude in .........+06.0 sbedeysohapss eR eEE 6 54 W. 


BY INSPECTION. 


Over the course 5 points, and opposite half the difference of latitude 117.5 
in its column, will be found half the distance 211 in its proper column ; this. 
multiplied by 2, gives the whole distance 422. 

Over the same course, and opposite half the mer. diff. of latitude 164. 5, 
found in a latitude column, stands 246. 1 in the corresponding dep. column ; 


which, multiplied by 2, gives the diff. longitude 492.2. 


BY GUNTER’S SCALE. 


Extend from the complement of the course 3 points to 8 points on the 
line of sine rhumbs; that extent will reach from the difference of latitude 
235 to the distance 423 on the line of numbers. 

Extend from 4 points to the course 5 points on the line of tangent rhumbs ; 
that extent will reach from the mer. diff. of lat. 329. to the diff. of lon- 
gitude 492. 4 on the line of numbers. 


CASE V. 
Both Latitudes and Distance given, to find the Course and 
Difference of Longitude. 


Exampte. Suppose a ship from latitude 56° 30’ N. has sailed South- 
easterly 257 miles, when she arrives at latitude 54° 47’ N.: required her 
course steered, and difference of longitude. 


Latitude left 56° 30’ N. Mer. parts 4128 
Latitude in 54 47 N. Mer. parts 3945 
Diff. of latitude 1 43 Mer. diff. latitude 183 

60 —— 
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BY CONSTRUCTION 


Draw the line a p, and from a to B 


A 
lay off the diff. of latitude 103; onB § 
erect the perpendicular Bc, and with & 
the distance 257 in the compasses set * 
one foot in a, and with the other de- “ 
scribe an arch cutting Bc in c, and & 

t 


draw the line a c ; from a to p lay off 
the mer. diff. of latitude 183, and 
through p draw pE parallel to Bc, meeting ac produced in £; then the 
course B Ac will measure 66° 22’, and the diff. of longitude p £ 418. 2. 


COO a eat 
Diff. Long. E 


€s8 
o 


BY CALCULATION. 


To find the Course. To find the Difference of Longitude. 
As the distance 257 ~ 2.40993 | As co. sine course 66°22’ 9.60302 
Is to radius 10.00600 | Is to mer. diff. lat. 183 2.26245 
So is diff. of lat. 103 2.01284 | So is sine course 66° 22/ 9. 96196 
12. 01284 12. 22441 
2. 40993 - 9. 60302 | 


To co. sine course 66°22’ 9.60291 | To diff.of longitude 418.2 2.62139 


CASE VI. 


One Latitude, Course, and Departure given, to find the Distance, 
Difference of Latitude, and Difference of Longitude. 
Examp.e. A ship sails 8. S. W. from latitude 51° 15’ N., and longitude 


9° 50’ W. until her departure is 250 miles: required the distance sailed, 
and her present latitude and longitude. 


BY CONSTRUCTION. 


Draw a p, and make a F perpendicular to it, on which 
lay off from a to F the dep. 250; through F draw Fc 
parallel to ap, and draw ac, making an angle with a p 
equal to the course 2 points, meeting Fc in c, through 
which draw cB parallel to r a; then will the distance ac 
measure 653, and the diff. of latitude a B 604: hence the 
latitude in is 41° 11’, and the mer. diff. of lat. 877 ; from 
A to p lay off 877, and draw pE parallel to Bc or F a, 
meeting a c produced in E; then will the diff. of longi- 
tude pE measure 368. 3. | 


> 


Mer. Dif. 8 Latitude 
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BY CALCULATION. 


To find the Difference of Latitude. To find the Distance. 
As sine of course 2 pts. 9.58284 | As sine of course 2 pts. 9. 58284 
Is to departure 250 2.39794 | Is to departure 250 2. 39794 
So is co. sine of course 2 pts. 9.96562 | So is radius 10. 00000 
12. 36356 12. 39794 
9. 58284 9. 58284 
To the diff. of lat. 603. 6 2.78072 | To the distance 653.3 2.81510 


ed —_— 


Lat. left 51915’N. Mer. pts. 3593 | To jind the Difference of Longitude. 
Diff. lat. 10 4S. ; 
As co. sine of course 2 pts. 9.96562 


Lat.in 41 11 N. Mer. pts. 2716 | Is to mer. diff. lat. 877 2.94300 

——- — | So is sine course 2 pts. 9. 58284 

Mer. diff. lat. 877 eee 

we 12. 52584 

9, 96562 

Longitude left 9° 50’ W. perbere te 

Diif. of long. 363m.or 6 3 W. To the diff. of long. 363.3 2. 56022 

Longitude in 15. 53° W. 

CASE VII. 


One Latitude, Distance, and Departure given, to find the Course, 
Difference of Latitude, and Difference of Longitude. 
Examp.e. A ship from latitude 54° N., and longitude 33° 20’ W., sails 
350 miles between the North and East until she has made 220 miles of 


departure: required the course steered, and her present latitude and 
longitude. . 


BY CONSTRUCTION. 


Draw a p and a F perpendicular to it, which 


make equal to the departure 220; through r =D Diff. Long KE 
draw Fc parallel to ap, and with the distance —| 
350 in the compasses, set one foot in a, and §&| 
with the other draw an arch cutting Fcinc; 2 
join ac, and draw Bc parallelto ar;thenthe © 
course B ac will measure 38° 57’, and the 8B 


difference of lat. a 8 272. 2: hence the latitude 
in is 58° 32’, and mer. diff. of latitude 490 ; 
from a to p lay off 490, and through p draw 
DE parallel to AF or BC, meeting ac pro- 
duced in £ ; then the diff. of longitude p x will 
measure 396. 1 
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BY CALCULATION. 
To jind the Course. To find the Difference of Latitude. 
As the distance 350 2.54407 | As radius 10. 00000 
Is to radius 10. 00000 | Is to distance 350 2. 54407 
So is departure 220 2.34242 | So is co. sine course 38°57’ 9.89081 
12. 34242 12. 43488 
2.54407 10. 00000 


To sine of course 38° 57’ 9.79835 | To the diff. of lat. 272. 2 2. 43488 


Lat. left 54° 0’ N. Mer. pts. 3865 | To find the Difference of Longitude. 


Diff. lat. 4 32 N. 


As co. sine course 38°57’ 9.89081 


Lat.in 58 32.N. Mer. pts. 4355 Isto mer. diff. lat. 490 2. 69020 


ee el 


So is sine course 38° 57’ 9. 79840 


Mer. diff. lat. 490 12. 48860 
9. 89081 
Longitude left 33° 20’ W. Bliss } penebi oe oe 
Diff. of long. 396m.or 6 36 E. To diff. of long. 396. 1 2.59779 
Longitude in 26 44 W. 
CASE VIII. 


One Latitude, Course, and Difference of Longitude given, to find the 
Distance and Difference of Latitude.* 


Examp.e. A ship from latitude 34° 29’ N. sails S. 41° W. till her 
difference of longitude is 680 miles: required her present latitude and 


distance sailed. 
BY CONSTRUCTION. 


Draw ap, and make a F perpendicular to it, 
and equal to the difference of longitude 680 ; 
draw FE parallel to ap, ak making an angle 
with ap equal to the course 41°, meeting FE 
in E, and Ep parallel to Fr a; then a p will be the 
mer. diff. of latitude equal to 782; which sub- 
tracted from the mer. parts of the latitude left, 

ives the mer. parts of the latitude in : hence the 
Rats in is 23° 6’, and the diff. of latitude 683. 
Make a B equal to 683, and draw Bc parallel to 
ED; then ac will be the distance measuring 905. 


* This Case cannot be solved by Middle Latitude Sailing. 


F A 


qm ere nenmerwnemeceseen ens eseesscnensencossamrrs awees 


— 


M. Diff. Lat. 


E Diff. of Long,680 D 
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BY CALCULATION. 
To find the Mer. Diff: of Latitude. | 
As radius 10. 00000 | Lat left 34° 29’N. Mer. pts. 2207 


Is to diff. of long. 680 2. 83251 Mer. diff. lat. 782 
i ° 
So is co. tang. course 41 10. 06084 Bathintei 3). 6: NiMMee? peeeTaOn 


oo 


12. 89335 | pir Int 1] 
1 Opoon | Dif. lat. 11 23 


— 


To mer. diff. lat. 782.3 2. 89335 Miles 683 


Ooo os 


To find the Distance. 


As co. sine course 41° ...........000. 9. 87778 
Is to diff. of latitude 683............ 2. 83442 
ee ee 1 er tee eee ere Pree 10. 00000 
12. 83442 

9.87778 

To the distance 905 .........cceceeeee 2. 95664 


EXAMPLES FOR EXERCISE. 


1. Required the course and distance from the Cape of Good Hope, in 
latitude 34° 22’ S., and longitude 18° 24’ E., to the Island of St. Helena, 
in latitude 15° 55’ S., and longitude 5°45” W. 

Answer. By Middle Latitude Sailing, the course is N. 49°51’ W., and 
distance 1717 miles.* 

By Mercator’s Sailing, the course is N. 49°40’ W., and distance 1710 miles. 


2. Required the bearing and distance of Pernambuco, in latitude 8° 4’S., 
and longitude 34° 53’ W., from Cape Verd, in latitude 14° 45’ N., and 
longitude 17°32’ W. 

Answer. By Middle Latitude Sailing, the course or bearing from Cape 
Verd to Pernambuco is S. 37° 12’ W., and the distance 1719 miles. 

By Mercator’s Sailing, the bearing is S.37°1’ W., and distance 1715 miles. 


3. Required the course and distance from Cape Sierra Leone, in latitude 
9° 30’ N., and longitude 13° 18’ W., to Cape St. Roque, in latitude 5° 28’S., 
and longitude 35° 17” W. 

Answer. By Middle Latitude Sailing, the course is S. 55°44’ W., and thé 
distance 1595 miles. 

By Mercator’s Sailing, the course is S. 55°40’ W., and distance 1592 miles. 


4. Required the course and distance from Cape Palmas, in latitude 
4° 24’ N., and longitude '7° 46’ W., to St. Paul de Loando, in latitude 
8° 48’ S., and longitude 13° 8’ E. 


* If the true middle latitude were found by the proportion given in the note at the bottom 
of page 85 (25° 50’), the answer would be the same as that by Mercatur’s Sailing. 
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_ Answer. By Middle Latitude Sailing, the course is S. 5'7° 42’ E., and the 
distance 1482 miles. 
By Mercator’s Sailing, the course isS. 57° 40’ E., and distance 1481 miles. 


5. A ship from latitude 29° 47” N., and longitude 24° 36’ W., sails 
S.S. W. 3 W. 320 leagues: required her present latitude and longitude. 

Answer. By Middle Latitude Sailing, her latitude in is 16° 4’ N., and 
longitude in 33°32’ W. 

By Mercator’s Sailing, her latitude in is 16° 4’ N., and longitude in 
33° 33’ W. 

6. A ship from latitude 2° 5’ N., and longitude 22°30’ W., sails W.S. W. 
256 leagues: required her present latitude and longitude ; also her course 
and distance to St. Ann’s Island, Maranham, in latitude 2° 15’ S., and 

longitude 43° 38’ W. 
Answer. By Middle Latitude, or Mercator’s Sailing, the latitude in is 
2°49’S., longitude 34° 20’ W.; the course to St. Ann’s Island N. 86°31’ W., 
or W. 1 N. nearly, and distance 559. 6 miles. 


7. A ship from latitude 71° 20’ N., and longitude 28° 10’ E., sails E.S. E. 
until she arrives in the parallel of '70° N.: required her longitude in, with 
her direct course and distance to Cape Sweetnose, in latitude 68°10’ N., 
and longitude 40° 3’ E. 

Answer. By Middle Latitude Sailing, the longitude in is 37° 53’ E. ; the 
course to Cape Sweetnose is S. 22° 53’ EK. or S S. E., and the distance 
119. 4 miles. | 

By Mercator’s Sailing, the longitude m is 37° 54’ E.; the course to Cape 
Sweetnose is S. 22° 44’ E. or S. S. E., and the distance 119. 3 miles. 


8. Suppose a ship from latitude 9° 10’ N., and longitude 19°32’ W., 
sails in the South-east quarter till she has made 415 miles of departure, 
and is by observation in lat. 2° 19’ S.: required her course steered, distance 
run, and longitude in. 

Answer. By Middle Latitude, or Mercator’s Sailing, her course steered © 
is S. 31° 4’ E., distance run 804. 2, and longitude in 12° 36’ W. 


9. A ship from latitude 46° 35’ N., and longitude 176° 42’ W., sails 
N. W. by W.3 W. till she arrives in latitude 51°18’ N.: required the 
. distance run, and longitude in. 

Answer. By Middle Latitude Sailing, her distance run is 600. 3 miles, 
and longitude in 169° 52’ E. 

By Mercator’s Sailing, her distance run is 600. 3 miles, and longitude in 
169° 50’ E. 7 

10. A ship from Table Bay (Cape of Good Hope), in latitude 33° 53’S., 
and longitude 18°19’ E., sails N. W. ? W. till she arrives in latitude 
27° 32’ S.: required her course and distance to St. Helena, in latitude 
15°55’ S., and longitude 5° 45’ W. 

Answer. By Middle Latitude Sailing, the longitude in is 8° 22’ E.; the 
course to St. Helena N. 48° 28’ W., and distance 1051 miles. 

By Mercator’s Sailing, the longitude in is 8°22 E.; the gourse ta 
St. Helena N. 48° 24’ W., and distance 1050 miles. 
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OF COMPOUND COURSES. 


To find the Difference of Longitude made good upon Compound Courses, 
by Middle Latitude and Mercator’s Sailing. 


In the preceding Cases, both of Middle Latitude and Mercator’s Sailing, 
we have always supposed the ship to sail on a direct course; but when she 
makes a compound course, the several courses are to be reduced to a single 
course, as in ‘Traverse Sailing, and then the difference of longitude may be 
found either by Middle Latitude or Mercator’s Sailing, as will appear by 
the following 

ExampLe. Suppose a ship from latitude 52° 36’ N., and longitude 
21°45’ W., sails N. E. 36 miles; N. b. W. 14 miles; N. E. b. E. 3 E. 
58 miles; N. b. EK. 42 miles; and E. N. E. 29 miles: required her present 
latitude and longitude. 


Difference of Lat. 
Distance. tain ti ESP ay 


N. Ss. 


29 
Diff. of Lat.| 118.8 


Dep. 


The difference of latitude 118.8, and departure 109.0, give the course 
N. 42° 32’ E., and distance 161. 2, by Case VI. of Plane Sailing. 


Latitude left 52°36’ N. Mer. pts. 3724 Longitude left 21°45’ W. 


Diff. lat.119,or 1 59 N. Diff. long. 184, or 3 4 E. 
Latitude in 54 35 N. Mer. pts. 3925 Longitude in 18 41 W 
Sum of lats. 2) 107 11 Mer. diff. lat. 201 


Mid. latitude 53 35 
To find the Difference of Longitude. 


By the Middle Latitude. By Mercator. 
As co. sine mid. lat. 53°35’ 9.77353 | As co. sine course 42° 32/ 9. 86740 
Is to departure 109 2.03743 | Is to mer. diff. lat. 201 2. 30320 
So is cAfus 10. 00000 | So is sine course 42° 32’ 9. 82996 
12. 03743 12. 13316 
9.77353 9, 85740 


To the diff. of long. 183.6 2.26390 | To the diff. of long. 184.4 2. 26576 
Se on 
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BY INSPECTION. 


The co. mid. latitude being about 362°, first look for 36° as a course, and 
for the departure 109 in one of the dep. columns, against the nearest to 
which is 186 in a dist. column; then look for the departure 109 in the page 
with 37° at the top, opposite which stands 181 in a dist. column; the sun 
of this and 186 is 367, the half of which is 183. 5, the difference of longi- 
tude by Middle Lat. Sailing: or, the course being 423°, look in the pages 
with 42° and 43° at the top for the mer. diff. of latitude 201 in a lat. column, 
against the nearest to which will be 181.3 and 187. 5 in the corresponding 
dep. columns; the sum of these is 368. 8, half of which is 184. 4, the diff. 
of longitude by Mercator’s Sailing. 


The above method is that generally practised at sea in estimating the 
difference of longitude made good in a day’s run, being considered sufficiently 
exact for the distance sailed by a ship in that time ; but when the distances 
are considerable, especially in high latitudes, it is more accurate to estimate 
the difference of longitude made upon each course and distance, according 
to the following rules. | 


I. By Middle Latitude. 'To the Traverse Table annex a Longitude 
Table, divided into six columns; the first is to contain the latitude left, 
and the several latitudes the ship is in at the end of each course and dis- 
tance, estimated by the latitudes left, and differences of latitude in the 
‘Traverse Table ; the second, the sums of each following pair of latitudes ; 
the third, half the sums of middle latitudes; the fourth, the complements 
of the middle latitude; and the fifth and sixth columns are to contain the 
differences of longitude. Having found the co. mid. latitudes, with these 
and their corresponding departures in the Traverse ‘Table, find the differ- 
ences of longitude, and place them in the east or west columns, according 
to the name of the departure; then the difference of the sums of these 
columns will be the difference of longitude made good, of the same name 
with the greater. 


II. By Mercator. 'To the Traverse Table annex a Longitude Table, 
consisting of five columns; the first is to contain the latitude left, and the 
latitudes of the ship at the end of each course and distance; the second, 
the meridional parts corresponding to each latitude; the third, the meri- 
dional differences of latitude; and the fourth and fifth, the differences of 
longitude. 

Having found the meridional differences of latitude, with these and the 
courses in the Traverse Table, find the corresponding differences of longi- 
tude, which place in the east or west columns, according as the course is 
easterly or westerly ; then the difference between the sums of these columns 
will be the difference of longitude made good upon the whole Traverse, of 
the same name with the greater. | 

Notre. When the course is north or south, there is no difference of 
longitude; and when it is east or west, the difference of longitude must 
be found, as in Case II. of Parallel Sailing. 
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The differences of longitude may be found by any of the methods given 
in the Sailings; but in the following Example we have used Inspection only 


EXAMPLE. 


A ship from Hangcliff, in latitude 60° 9’ N., and longitude 1° 7’ W., 
sailed as follows, viz. N.E. b. N. 69 miles; N.N.E. 48 miles; N. b. W. 3 W. 
78 miles; N. E. 108 miles; and S. I:. b. E. 50 miles: required her latitude 
and longitude in. 

BY MIDDLE LATITUDE. 
TRAVERSE TABLE. | LONGITUDE TABLE. 


Mid. !Co. Mid.| Diff. Long. 


38.3 

18.4 122 56/61 28 
: 124 55 | 62 27 

76.4 127 26/63 43 

41.6 128 14| 64 7| 


252.8 | 27.8 174.7 | 22.6 || Longitude left LonaeiW « 
22.6 Diff. long. 3386, or 5 36 E. 


152.1 |Dep. Longitude in... 4 29 E. 


LONGITUDE TABLE. 


i Mer. Mer. | Diff. Long. 
| solwadll oot <| Paces. ||D. Dateline 


60° 9 4545 
6l 6 4662 117 78.3 
61 50 4754 92 38.3 
63 5 4916 162 
é 64 21 5088 172 |172.0 
27.8 63 53 5023 65 97.3 
27.8 174.7 | 22.6 || Longitude left... 1° 7’ W.| 385.9 | 49.1 
22.6 Diff. long.337, or 5 37 E. | 49.1 


a ‘panes 


D. lat.|225.0 152.1 |Dep. || Longitude in... 4 30 E. | 336.8 


Course N. 34° E. and Distance 272 miles. 


The longitude of the ship, according to the first method, is 4° 17 E. by 
Middle Latitude, and the same by Mercator’s Sailing, differing from the 
above 12 and 13 miles; but as we have already observed, it is seldom neces- 
sary to use the latter methods at sea. 


q U2 ) 


OBLIQUE SAILING. 


S5DOOi SO 


OBLIQUE SAILING is the application of oblique-angled plane 
triangles to various cases at sea; as in coasting along shores, approaching 
or leaving the land, surveying coasts or harbours, &c. 


In this kind of sailing, to se¢ an object, means to observe what rhumb, 
or point of the compass, is directed to it; and the bearing of an object is 
the rhumb on which it is seen; also the bearing of one place from another, 
is reckoned by the name of the rhumb passing through those two places: 
hence the bearing of two places from each other are upon opposite points 
of the compass; thus, if one place bear E. N. E. from another, the latter 
will bear W.S. W. from the former, being in the same line, but in opposite 
directions. 


A great variety of Examples might be given in this Sailing; but as they 
would rather tend to exercise the learner in Trigonometry than answer 
any direct purpose, we shall select those only that appear to be useful ir 
practice. 


EXAMPLE I. 


Sailing down the Channel, I observed the Eddystone bear N. W.b. N. ; 
and after sailing W.S. W. 18 miles, I found it bore from me N. b. E.: 
required the distance of the ship from the Eddystone at both stations. 


BY CONSTRUCTION. 


Describe the circle N. W. S. E., to 
represent the compass, and draw the 
diameters W. E. and N.S. at right an- 
gles to each other; draw the N. W.b.N., 
W.S. W., and N. b. E. rhumb lines, and 
on the W.S. W. line lay off 18 from 
A to B, taken from any scale of equal 
parts; through B draw Bc parallel to the 
N. b. E. line, meeting the N. W.b. N. 
line A c inc; then will a represent the 
place of the ship at her first station, 
R her place at the second station, and c 
the place of the Eddystone; ac will be 
the ship’s distance from the Eddystone 
at the first station, measuring 21 miles, 
and B c the distance at the second sta- 
tion, measuring 25 miles 
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BY CALCULATION 


In the triangle a Bc are given the side a 8B 18 miles, the angle carn 
equal to 7 points, the measure of the arch contained between the N. W.b.N 
and the W.S. W. lines; the angle asc equal to 5 points, the interva! 
between the N.b. E. and the E.N. E. line (being the opposite to the 
W.S. W. rhumb); and the angle Bc a equal to 4 points, the interval 
between the 8. b. W. and the S. E. b. S. lines; to find the sides ac and sc. 


To find the Side ac. To find the Side Be. . 
As sine of angle c 4 points 9.84949 | As sine of angle c 4 points 9. 84949 
Is to the side as 18 1. 25527 | Is to the side asa 18 1.25527 
So is sine angle B 5 points 9.91985 | So is sine angle a7 points 9.99157 
11. 17512 11. 24684 
9. 84949 9, 84949 


To the side ac 21. 17 1. 32563 | To the side pc 24. 97 1. 39735 


Hence the distance of the Eddystone from the ship’s first station is 21. 17 
miles, and from the second station 24. 97, or 25 miles nearly. 


EXAMPLE II. 


Coasting along shore, I observed two Capes: the first bore N. b. E., and 
at the same time the second bore N. E. ? E.; now, by the Chart, these 
Capes bear from each other N. W. 1 W., and S. E. { E. (by compass), dis- 
tant 21 miles: required my distance from both places at that time. 


BY CONSTRUCTION. 


Having drawn the compass 
N.W.S.E., the centre of which is 
to represent the ship’s place, draw 
the N.b. E. and N. E. 3 E. rhumb 
lines AB and ac, being the bear- 
ings of the Capes from the ship ; 
draw likewise the N.W.1W and 
S. E. 7 E. line, the bearing of the 
Capes from each other, on which 
from a to pv lay off 21 miles, 
the distance between the Capes ; 
through p draw pc parallel to the 
N.b. E. line, and through c draw 
cx parallel to the N. W.1W. and 
S. E. 4 E. line; then z will repre- 
sent the place of the first Cape, c 
the second Cape, aB the distance 
of the first Cape from the ship, 
ae 31 miles, and a c the distance of the second Cape, measuring 
27 mules. 


Q 
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BY CALCULATION. 

In the triangle a zc are given the angle Bac 33 points, the arch between 
the N. b. E. and N. E.2E. lines; the angle a Bc 5} points, the interval 
between the S. b. W. and S. E. } E. lines; and the angle acs 7 points, 
the interval between the N. W. 4 W. and S. W.? W. lines; and the side 
Bc 21 miles; to find the sides aB and ac. 


To find the Side as. To jind the Side ac. 
As sine angle a 33 points 9.82708 | As sine angle a 3? points 9.82708 
Is to the side Bc 21 1, 32222 | Is to the side Bo 21 1. 32222 
So is sine angle c 7 points 9.99157 | So is sine angle B 5} points 9. 93335 
11. 31379 11. 25557 
9. 82708 9. 82708 


To the side as 30.67 — 1.48671 | To the side ac 26. 82 ]. 42849 


Hence the distance of the ship from the first Cape is 30. 67 miles, and 
from the second Cape 26. 82, or 27 miles nearly. 


EXAMPLE III. 


Keing close in with Dungeness, I ran 27 miles on a direct course to the west- 
ward, and then found Beachy Head bear N.N.W.; now the bearing of Beachy 
Head from Dungeness (by compass) is W.1N., and the distance 29 miles: 
reqwred the course steered, and the distance of the ship from Beachy Head. 


BY CONSTRUCTION. 


Describe a circle, and di- 

wide it into 4 equal parts bys; on -4 eo hy oe ee Aas 
thediametersN.S.andW.E., “ YL) th Pee 
the extremes of which will CBN sis 
represent the cardinal points 
of the compass; and the \ 
centre of the circle the place one pose 
the ship sailed from (Dunge- ' ne / 

ness); draw the W.1N. line 
a B equal to 29 miles, then 
will B represent the place of 
Beachy Head: through B 
draw Bc parallel to the 
N. N. W. line, and with the 
distance run, 27 miles in the compasses, set one foot in A, and with the other 
describe an arch cutting B c in c, and draw the line ac: then will c represent 
the ship’s place, Bc the distance of the ship from Beachy Head, measuring 19 
miles, and the angle s ac the course steered from the south, measuring 53°39” 


_ BY CALCULATION. 
In the triangle a xBc are given the side a B, equal to 29 miles; the 


side ac 27 miles; and the angle a Bc 5? points, the interval between 
EK. 4S. and S. 8S E.; to find the angle B a c, and the side pc 


vs 

78 

'% 

1 ee 

ee 
. 
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To find the Angle Bac. 
ae the fie AC a7 a 1. 43136 Angle BcA 7° yy 
s to sine of angle ABC 5? points 9.95616 Angle asc 52 pts, ) 
Soisthesidesn29 1. 46940 : i ert lc 
SAE Sum 140 50 
11. 41856 180 00 
1. 43136 ee poset ds oie 
——-— e Bac 39 10 
To sine of angle sca 76°9’* 9. 98720 HS ana 


To find the Side sc. 
As sine of angle asc 53 points... 9. 95616 


Po tajtie side, Ao OT Pra eee. 1. 43136 
So is sine of angle Bac 39°10’... 9. 80043 
11. 23179 

9. 95616 

To the side pc 18.86. ............ 1. 27563 


Now the bearing of a B, which is W. 1 N. or W. 2°49’ N., subtracted 
from the angle B a c 39° 10’, gives the bearing of ac W. 36° 21’ S.; hence 
the course steered is S. 53° 39’ W. or S. W. 2 W., and the distance of 
the ship from Beachy Head is 18. 86, or 19 miles nearly. ; 


EXAMPLE IV. 


At noon St. Alban’s Head bore N. 29° E., and Portland Lights 
N. 20° W.; and running N. W., at the rate of 7 knots an hour, at 2 p. , 
St. Alban’s Head bore N. 72° E., and Portland Lights N. 9° E.: required 
the bearing and distance of Portland Lights from St. Alban’s Head. 


Portland Lights. 


BY CONSTRUCTION. D 


Draw the compass as before, and let 
the centre a represent the first station, 
from which draw the first bearing a c, 
N. 29° E., and the second bearing a p, 
N. 20° W.; also draw the N. W. line 
- AB equal to 14 miles, the distance run 
in 2 hours; then will B represent the 
second station; through B draw Bc 
parallel to N. 72° E., and B p parallel 
to N. 9° E., meeting the tines ac and 
AD inc and p,and join pc; then willc 
represent St. Alban’s Head, p Portland 
Lights, and cp their distance, measur- 
ing 18. 29 miles, the bearing of which 
will be N.703° W., or W.N. W. iW. 


* If the above angle B c a be considered obtuse, or 103° 51’, the side Bc would then 
be 5.938. (See Rules, page 45). 
Q2 
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BY CALCULATION. " 


In the triangle a Bc are given the side a B 14 miles, the angle a c n equal 
to 43°, the interval between S. 72° W. and S. 29° W.; and the angle a Bc 
equal to 63°, the interval between N. 72° E., or E. 18° N. and S.E., or 
S. E. 45° S.; to find the side ac. 


As sine of angle ac B 43° ..........4. 9. 83378 
Is to the side AB 14 .........cseeeeees 1. 14613 
So is sine of angle aBc 63° ......... 9. 94988 
11. 09601 

9. 83378 

To-the side a0 1829 | .......sccsaee 1. 26223 


In the triangle axBp are given the side aB 14 miles, the angle apB 
equal to 29°, the interval between S. 20° EK. and 8. 9° W.; the angle a Bp 
equal to 126°, the interval between N. 9° E., or E. 81° N., and 8, E. or 
5S. 45° E.; to find the side a p. 


As sine of angle ADB 29°.......0066. 9. 68557 
Is to the side AB 14m. ..........0000 1. 14613 
So is sine of angle aBp 126° ...... 9. 90796 
11. 05409 

9. 68557 

To the side AD 23. 36 .....secsceeeee 1. 36852 


In the triangle a c D are given the side ac 18. 29; the side a p 23. 36; 
and the included angle c a p equal to 49°, the interval between N. 29? E. 
and N. 20° W.; to find the angle a c p, and the side c p. 


To find the Angle acv. 
Side av 23.36 As sum of the sides ac, Ap, 41.65 1.61962 
Sideac 18.29 Is to their difference 5. 07 0. 70501 
So is tang. of half the sum 
Sum 41.65 of angles aDc, DCA 1 65°80 10. 34130 
Difference 5.07 11. 04631 
180 1.61962 


Anglecap 49 —_—- 

— To tang. of half their diff. 14 57 9. 42669 

Sum of anc & pea 131 
Half 6530 Sum givesthe angleacp 80 27 
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To find the Side cv. 
As sine of angle acp 80° 27 ..... . 9.99394 
; Is to the side ap 23.36 .........08. 1. 36847 
So is sine of angle cap 49° ......... 9. 87778 
11. 24625 
9. 99394 


To the side cp 17. 88 ..........e0008 1. 25231 


Now the angle a c p 80° 27’ added to 29°, the bearing of a c from the 
south, gives the bearing of cp, S. 109°27 W., which, subtracted from 
180°, leaves the bearing N. 70°33’ W. or W. N. W. } W. nearly: hence 
the bearing of Portland Lights from St. Alban’s Head is W. N. W. 1 W 
(by compass), and the distance 18 miles nearly. 

Nore. In this manner the mutual bearings and distances of any num- 
ber of points may be ascertained; but in practice it is more expeditious, 


and in general sufficiently exact, to construct the figure on a proper scale, 
and then measure off the several parts. 


EXAMPLE V. 


, Coasting along shore, I struck upon a shoal, and wanting to ascertain 
its situation exactly, I took angles with my sextant, subtended by three 
objects on shore, as A,B, and c, whose relative positions were as follow: 
the distance from a to B was 10 miles, from 8 to c 6 miles, and the angle 
ABC 150°; now the angle, measured at the ship, between a and rn, was 24°, 


and between 8 and c 16°: required the distance of p, the ship’s place, from 
each object. 


BY CONSTRUCTION. 
Draw the line az, 
and make it equal to E by 
10; at B make the 
angle a Bc 150°, and e 
draw the line B c 
equal to 6. 

Bisect the line a B 
(Problem I.Geom.), 
and draw the linex F, : 
which will be perpen- as 
dicular to az; make “ 
the angles ras and 
F B A each equal to 
66° (the complement 
of the given angle 
ADB 24°), and draw the lines a F, B¥, meeting at F; then, the triangles a k F 
and pk F being right-angled at x, the angles a F x and B F x will be each 
equal to 24°, and the angie a F B at K 48°, or double the given angle a b B. 


o 
—_— 


wwosee-fonn” Mheezer"" « 
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In like manner bisect the line 3 c, and draw the line La; make the 
angles c Bc and Gc B each equal to 74° (the complement of the given angle 
BDC 16°), and draw the lines BG, cc, meeting at c; then will the angle 
BGC be 32°, or double the angle B pc. 


With the radius a F, or 8 F, from F, draw an arch at p. 


With the radius c¢ 8, or cc, from c draw an arch, cutting the former one 
at the point p,* which will be the ship’s place. 


Draw the lines cp, BD, and a pv, which will be the distances required ; 
that is c p will measure 15.17, Bp 18. 88, and a p 23. 66, the angle aps 
measuring 24°, and the angle 8 pc 16°. 


Draw the lines F Gc, F D, and cp. 


BY CALCULATION. 


In the isoceles triangle a F B are given the side a B 10, the angles a Fr B 
48°, and ra B 66°, to find the side Fr B 12. 29, equal to the sides F a or F D. 


Or, in the right-angled triangle B k F are given the side B k 5 (the half 
of a 8B), and the angle BF K 24°, to find the side B F 12.29, equal to the 
sides F A or F D. 


In the isoceles triangle Bc c are given the side Bc 6, the angles exc 74°, 
and B Gc 32°, to find the side c B 10. 88, equal to the sides c c or G D. 


Or, in the right-angled triangle 8 Le are given the side Bu 8 (the half 
of 8 c), and the angle 8 ¢ L 16°, to find the side ¢ B 10. 88, equal to the 
sides G C or G D. 


The angle a 8 Fr 66°, added to the angle c 3 c 74°, and their sum 140°, 
subtracted from the angle apc 150°, the remainder will be the angle 
FBG 10° 


In the triangle F B c are given the side F B 12. 29, the side cx 10.88, 
and the angle Fr BG 10°, to find the angles 8 F c 50° 11’, ands ec F 119° 4%. 


The triangles F B G and Fp 6G are identical, that is, mutually equal in 
all their parts; the side F B being equal to the side F p 12. 29, cz toep 
10. 88, and F c common to both triangles; therefore, the angle 8 F c is 
equal to the angle erp 50°11’, Fes to rep 119° 49, and rBe to 
FDG 10°. 


The angle nrc 50°11’, added to the angle erp 50°11’, their sum 
will be the angle s F p 100° 22’. 


— —— —_—— 


* When the arches at D intersect each other at very acute angles (as in the present 
example), it will be difficult to determine exactly the point of intersection ; the point » may 
in such case be found, independent of the arches, as follows :—From B let fall a perpendicular 
on F G, produced if necessary, and draw the line Bp of an indefinite length; then produce 
the lines B F and BG to twice their lengths; through the ends of these lines draw a line 
meeting the line B D, and it will intersect it at the point p. 

t In Euclid, Book III, Prop. XX., it is demonstrated that ‘ the angle at the centre of 
a circle is double the angle at the circumference upon the same hase, that is, upon the same 
part of the circumference ;”’ therefore, the angle 4 D B is half the angle ar B, and the angle 
BDC is half the angle B Gc. 
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In the isoceles triangle 8 F p, the angle pF D 100° 22’, subtracted from 
180° (the sum of the three angles), will give the remainder 79° 38’, the 
half of which, 39° 49’, will be the angle F B p or F DB. 


In the isoceles triangle 8 F p are given the sides F B and Fp 12. 29, the 
angle B F D 100°22’, and the angle r Bp or F D B 39°49, to find the side 
BD 18. 88. 


The angle F B p 39° 49’, added to the angle Fr B a 66°, their sum will be 
the angle a B v 105° 49’. 


In the triangle a 8 p are given the side a 8 10, the angle a B p 105° 49’, 
and the angle a p 8 24°, to find the side a p 23. 66. 


The angle azp 105° 49’, subtracted from the angle a Be 150°, the 
remainder will be the angle c B p 44° 11’. 


In the triangle 8 pc are given the side 3c 6, the angle c p 8 16°, and the 
angle cB p 44° 11’, to find the side c p 15. 17. 


Hence the distance of the ship at p from a is 23. 66 miles, from 8 18.88 
miles, and from c 15. 17 miles. 


Note. The learner is left to: work the proportions by the Rules in 
Trigonometry, the answers to which are given above; but, as observed in 
the last example, it will in general be sufficiently exact to construct the 
figure, and measure off the distances required. 

In this manner rocks, buoys, shoals, or soundings may be accurately laid 
down on adjacent coasts, when the relative positions of three statrons on 
shore are ascertained. 


EXAMPLES FOR EXERCISE. 


1. Running down Channel, and wanting to take my departure from the 
Lizard, at 2h. p. m. I observed it bear from me N. b. W.; and after 
sailing W. b. N. 3 N., at the rate of 8 knots per hour, at 3h. 30 m. P. Mm. 
it bore from me N. N. E. $ E.: required my distance from the Lizard at 
the time of taking the second bearing. 

Answer. The distance 17. 1 miles. 


2. Entering the River Thames by night, I observed Orfordness Lights 
bear from me N. b. E.1 E., and the Sunk Light W.{5S., the former 
bearing from the latter N. E. b. N. 4 E., distant 18 miles: required my 
distance from each of the Lights. 

Answer. Distance from Orfordness Lights 14. 54 miles, and from the 
Sunk Light 7. 198 miles. 


3. Being off the Burlings (on the Coast of Portugal), I ran 34 miles on 
a direct course between the south and west, and then observed the Rock of 
Lisbon bearing from me S. by E. 4 E., the Rock bearing from the Burlings 
S. b. W. 2 W. (by compass), and their distance being 43 miles: required 
the course steered, and my distance from the Rock. 

Answer. The ship’s course was S. 32° W. or 8.8. W. ? W. nearly, 
and my distance from the Rock 12. 17 miles. 
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4. Sailing between two small islands, I observed the first bear from me 
S. W. b. W. 2 W., and the second E. S. E.; after running S. b. W. 3 W 
15 miles, the first bore from me N. W. b. W., and the second E. 3 N. 
required the bearings, and distance between the islands. 

Answer. The first island bore from the second N. 84° 28’ W., the 
second from the first S. 84° 28’ E., and their distance was 42. 49 miles. 


5. Two ships, a and B, sail from the same port c; a sails N. E.b. N. 
84 miles, and B sails S. E. 76 miles: required their bearings, and distance 
from each other. 

Answer. Bearing of a from 8 N. 3° 163’ W., of B from a S. 3° 16)’ E., 
and their distance 123. 8 miles. 3 


6. Being off the Coast of South America, in latitude 47° 4’ 30” S., and 
longitude 65° 26’ W., I found the (true) bearing of Cape Blanco to be 
W. 20° S., and after running S. 12° 30’ W. 32 miles, the Cape bore 
N. 34° W..: required the latitude and longitude of the Cape. 

Answer. The latitude of Cape Blanco is 47° 12’ 42” S., and longitude 
65° 59’ W. 

'. Wanting to know the distance of a ship at anchor from the shore, 
I chose two stations, a and B, that were distant from each other 2. 5 miles. 
From the station at a, I took with a sextant the angle subtended by the 
station at 8 and the ship, and found it to be 64° 15’; then from the station 
at B, I found the angle between the station a and the ship, 73° 55’: required 
the distance of the ship from both stations. 

Answer. The distance of the ship from the station at a was 3. 602, and 
from the station at B, 3.376 miles. 


8. Sailing along a coast, I observed two objects, a church and a mill, 
in one, the church being the nearer object; and at the same time I measured 
the angle subtended at the ship by the church and a tower on the coast, 
and found it to be 25° 36’; now, by a chart, the distance from the church 
to the tower was 1. 5 mile, from the church to the mill .'75 of a mile, and 
from the mill to the tower 1. 9 mile: required the distance of the ship from 
the church and the tower. 

Answer. The distance of the ship from the church was 3.459 miles, 
and from the tower 3. 246 miles. 


9. From Winterton Lighthouse to Hasborough High Lighthouse the 
bearing and distance are N. 41° 40’ W. 8. 54 miles, and from the latter to 
Cromer Lighthouse N. 51° 6’ W. 9. 64 miles; from Hasborough Light- 
vessel, the angle between Winterton and Hasborough Lighthouses, mea- 
sured by a sextant, was 28° 35’, and between the latter and Cromer Light 
59° 8’: required the bearings and distances from the light-vessel to the 
three above-mentioned lighthouses. 

Answer. From Hasborough Light-vessel to Cromer Lighthouse the 
bearing and distance are S. 76° '7’ W. 10.42 miles ; from the same to Has- 
borough Lighthouse, S. 16°59’ W. 8.943 miles; and from the same to 
Winterton Lighthouse, S. 11° 36’ E. 15. 24 miles. 


Nore. The above is worked similar to Example V., page 117 
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CURRENT SAILING 
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CURRENT SAILING is the method of determining the true course 
and distance of a ship, when her own motion is affected and combined with 
that of a current. 

A CurrENn’ isa progressive motion of the water, causing all floating bodies 
to move that way towards which the stream is directed. ‘The setting of a 
current is that point of the compass towards which the water runs; and its 
drift is the rate at which it runs per hour, or in any othe given time. 

The most usual method of ascertaining the set and drift of an unknown 
current is to take a boat, in calm weather, a small distance from the ship, and, 
being provided with ahalf-minute glass, alog,a heavy iron pot, or some heavy 
piece of metal, and a small boat-compass, to let down the pot, or weight, by 
a rope fastened to the boat’s stem, to the depth of about 100 fathoms, by 
which the boat will remain nearly as steady as at anchor; then the log 
being hove, its bearing will be the setting of the current, and the number 
of knots run out in half-a-minute will be its drift per hour. . 

The current being known, it remains to apply its effects on a ship’s way, 
which will depend on the direction and velocity of both, with regard to each 
other. Ifa ship sail in the direction of the current, it is evident that the 
velocity of the current must be added to that of the vessel; if her course 
be directly against the current, their difference will be the ship’s true 
velocity ; but if a ship’s course be oblique to the current, her direction by 
the compass will be compounded with that of the current; that is, she will 
proceed in the diagonal of the parallelogram formed according to the two 
lines of direction, and will describe, or pass over, that diagonal in the same 
time in which she would have described either of the sides by the separate 
velocities. For let a Bcp be a parallelogram, the diagonal of which is a p 
Now if the wind alone would drive the ship 
from a to B, in the same time the current 
alone would drive it from a to c, then as the 
wind neither helps nor hinders the ship from 
coming towards the line c p, the current will 
bring it there in the same time as if the wind 
did not act ; and as the current neither helps 
nor hinders the ship from coming towards the 
line Bp, the wind’ will bring it there in the 
same time as if the current did not act. 
Therefore, the ship must, at the end of that 
time, be found in both those lines, that is, in 
their meeting p: consequently, the ship 
must have passed from a to p in the diagonal 
line av. Hence the ship’s true distance 
will be the third side of a triangle, whereof the other sides are the distance 
by the log and the drift of the current, and the true course will be the 
angle between that third side and the meridian. 

R 


Cc ptt 


“D 


1<2 CURRENT SAILING. 


EXAMPLE I. 


A ship sails N. W. 60 miles, in a current that sets S.S. W 25 miles in 
the same time: required her course and distance made good 


BY CONSTRUCTION. 


Having drawn the compass, 
set off 4 points from the North 
towards the West, and draw the 
N. W. line as, which make 
equal to 60 miles, the distance 
run by thelog; through zB draw 
Bc parallel to the S.S. W. and 
N.N. E. line, and equal to 25 
miles, the set and drift of the 
current: now Ac being joined, 
will be the true distance, mea- 
suring 55.48 miles, and the 
angle Nac the true course 


N. 69°36’ W 


BY CALCULATION. 
In the triangle a Bc are given the side a B 60, the side B c 25, and the 


included angle a Bc 6 points, or 67° 30’, to find the angle B a c and the 


side a c. 
To find the Angle BAc. 


Side as... 60 As the sum of AB, BC 85 ....ceeeseecees 1. 92942 


Side Bc... 25 Is to their difference 35 .........cceceeees 1. 54407 
oe So is tang. of half the sum 

Sum ...... 85 Of nee tad Oe }56° 15+ «.-oe10, 17511 

Difference 35 11. 71948 

180° 00’ 1. 92942 

ADGIE TB acssceces 67 30 sinning 

To tang. of half tne diff. ... 31 39 9. 78976 


Sum ofang.a &c 112 30 
Palit scdcssecets 56 15 Diff. gives angle BAC...... 24 36 
Angle NAB. ots osetesnuaretane 45 0 


Sum gives the anglenac 69 36 


To find the Side ac. 
As sine of angle a 24° 36’............ 9. 61939 
ls to the side Bc 25m. ............04+ ]. 39794 
So is sine of angle B 67° 30’......... 9. 96562 
11. 36356 
9. 61939 


Othe side@: AO 20 Ate. gatas ascersaccs 1. 74417 
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Hence the course made good, Nn A c, is N. 69° 36’ W. or W. N. W. 3 W 
nearly, and the distance a c 55 miles and a half. 

But the most usual, and the easiest way of allowing for the effects of a 
current, is to consider the setting and drift as a course and distance, and 
enter it accordingly in a Traverse Table; then the whole difference of lati- 
tude and departure will give the true course and distance. By this method 
the preceding example is thus worked : 


n 
: i Difference of Lat. Departure. 
Courses. Distance. pane ramen aks 


Nola [ee Ss 


N. W. 
S. S. W. 
(Current.) 


\Difof Lat.| 19.3 


The difference of latitude a p 19. 3, and the departure c p 52, give the 
course Dac, N. 69° 38’ W., and the distance ac 55. 46, by Case VI. in 
Plane Sailing. 


EFXAMPLE II. 


Suppose a ship in 24 hours sail as follows: S. W. 40 miles, W S. W. 
27 miles, and S. by E. 47 miles, being all that time in a current setting 
S. E. b. S., at the rate of 13 mile per hour: required her direct course, and 
distance made good. 


BY CONSTRUCTION. 


Draw the compass, and lay off the seve- 
ral courses and distances, as in Traverse 
Sailing; then will p represent the place w; 
of the ship by the log: from p draw pc 
’ parallel to the S. E. by S. line, and equal ; 
to 36 miles, for the setting and drift of the Ww 
current in 24 hours; then will c be the 
ship’s true place, the angle B a c the true 
course, measuring 11° 50’, a c the dis- 
tance 117, aB the difference of latitude 
114. 6, and sc the departure 24 miles. 


r2 


124 CURRENT SAILING 


BY CALCULATION. 


With the several courses and distances by the log, the direct course p as 
and distance ap may be found; then, in the triangle apc will be 
given the angle a pc, and the sides a D, Dc, to find the angle pac, which 
subtracted from p a s, will give the true course s ac, and the side a c the 
true distance. But the solution of this triangle we shall leave to the learner, 
and work the question, by allowing for the set and drift of the current in 


the Traverse ‘l'able. 


Difference of Lat. 


Courses. Distance. 
N. 


28. 3 


(Current.) 
Diff. lat. 


S. 


10.3 
46. 1 
29. 9 


114. 6 


Departure. 


Ww. 
28. 3 


The difference of latitude a 8 114. 6, and the departure Bc 24.0, give 
the true course ca B S. 11° 50’ W., or S. b. W., and the distance ac 


117. 1 miles, by Case VI. in Plane Sailing. 


EXAMPLE III. 


A ship sailing in a current has, by her Reckoning, run S. b. E. 42 miles 
but by Observations, finds she has made 55 miles of southing, and 18 miles 


of westing: required the set and drift of the current. 


BY CONSTRUCTION. 


Having drawn the compass, set off 1 point 
from the South towards the East, and draw 
the S. b. E. line a c, which make equal to 
42 miles; through c draw the line c B 
pee to the East and West, then will a B 

e the difference of latitude 41. 19, and Bc 
the departure 8. 19, made by the log. 

From a to ¢ lay off 55, the diff. of lat. b 
Observation, and through c drawa line el 
lel to the East and West; from c towards F 
lay off 18, the true departure, and draw the 
line cF. From c draw a line parallel to ac, 
meeting the line FG produced, in p: then 
the angle Fc p will be the setting of the cur- 
rent, measuring S. 62° 12’ W.; and the side 
cF the drift, 29. 59 miles. 
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BY CALCULATION. 


In the triangle a B c are given the course Bac 1 point, and the distance 
Ac 42 miles, to find the difference of latitude aB 41.19, and the departure 
Bc 8.19. 

Subtract as 41.19S., the difference of latitude by the log, from ae 
55 S., the difference of latitude by observation; and the remainder bc 
13. 81 will be what the ship is to the southward of her reckoning. 

To the departure Bc (equal to cp) 8.19 E., add the departure Fc 
18 W., and the sum Fp 26. 19 will be what the ship is to the westward 
of her account. 

The difference of latitude cp (equal to Bc) 13. 81, and the departure pF 
26. 19, give the angle or course S. 62°12’ W., and the side c F, or distance 
29. 59, for the setting and drift of the current. 


EXAMPLES FOR EXERCISE. 


1. A ship sails by her log N. W. b. N. 72 miles, in a current that sets 
W.N. W. 36 miles in the same time: required her course and distance, 
corrected for the effect of the current. 

Answer. The course made good is N. 44° 51’ W., or N. W. nearly, and 
distance 104 miles. 


2. A ship sails E. b. N. 7. 5 knots an hour, in a current setting S. W. 
4 knots an hour: what will be her course and distance made good in 
24 hours ? 

Answer. The course will be S. 73°12’ E., or E.S. E. 3 E. nearly, and 
the distance 113. 5 miles. 


3. A ship sailing at the rate of 9 knots an hour, and wanting to double a 
Cape bearing from her N. W. b. W., finds she is in a current setting 8.S. W. 
34 miles an hour: what course must she steer to counteract the effect of 
the current ? 

Answer. The course she must steer for the Cape is N. 33°50’ W., or 
N. W.byN. nearly. 

4. A ship sailing by her log 9 miles an hour, is bound to a port which lies 
N. W. b. N. from her, distant 56 miles, and finds she is in a current setting 
N. E. 4 N. 3 miles an hour: what course must she steer in the current, 
and distance make good, and how long will it take her, to arrive at her 

ort? 
; Answer. The course to be steered isN.51°21/ W., or N.W.?3 W.nrly.; 
the distance to run 53. 61 miles, and the time 1t will take, nearly 6 hours. 


5. A ship bound from Bombay to England, being on the edge of the 
Bank of Agulhas on April 21st, at noon, was, by Observation, in latitude 
35° 3’S., and in longitude, by Chronometer, 26° 52’ E.; on the 22d, the 
latitude, by Observation at noon, was 35°13’ S., and the longitude, by Chro- 
nometer, 25° 5’ E.; having sailed by her Reckoning N. 81° W. 39 miles: 
required the set and drift of the current. 

Answer. The current set S. '71° 49’ W., or W. 18° 11’S., and its drift 
in 24 hours was 51. 57 miles, being at the rate of 2. 15 per hour. 
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SP = 
CHARTS are marine Maps, representing the whole or part of the surface 
of the water, and adjoining coasts ; and exhibiting isles, rocks, shoals, banks, 
depths of water, rhumb-lines, and whatever other particulars may serve to 
direct the mariner on his voyage, or point out the dangers to be avoided : 
they are principally of two kinds, Plane and Mercator’s. 


OF PLANE CHARTS. 


A Plane Chart is constructed on the supposition that the surface of the 
earth is an extended plane, the meridians all parallel strait lines, and the 
parallels of latitude at equal distances, and consequently that the lengths of 
the degrees of latitude and longitude are every where equal. But as the 
earth is spherical, and the meridians meet at the Poles, it is evident that 
charts constructed on this principle must be erroneous; for in them the 
difference of longitude, or distance between two meridians at the equator, is 
considered as the meridian distance in all latitudes. Hence, the position of 
places laid down on these charts, according to their latitudes and longitudes, 
will vary more or less from the truth, both in bearing and distance. However, 
where the chart extends but a few degrees on either side of the equator, the 
error will be trifling; because near the equator the meridians are nearly 
parallel to each other; or if it begin at any considerable distance from the 
equator, and extend only a few degrees of latitude, the error may in a great 
measure be obviated, by making the length of the degree of longitude equal 
to the co. sine of the mean latitude, one degree, or 60 miles, being radius. 
‘These charts, from their erroneous principles, being of little or no use in the 
practice of Navigation, have been totally rejected since the :ntroduction of 
Mercator’s projection. : 


Plane Charts, which are constructed on the assumption that small por- 
tions of the earth’s surface are planes, are called Coastinc Cuarts: in 
these neither latitudes nor longitudes are in general taken into consideration. 
They are usually drawn on a large scale, for the direction of mariners when 
near the land; and will not deviate much from the truth, either in bearing 
or distance, when they do not comprehend any great extent of coast. 


In these charts places are laid down according to their bearing and 
distance from each other. The configuration of the coast, and other 
" particulars, are taken from the best surveys, or such information as can be 
most depended upon. 


OF MERCATOR'S CHARTS. 


Mercator’s Charts are constructed on the supposition that the earth 1s 
spherical. In these charts the meridians and parallels are strait lines, at 
right angles to each other; but the distances between the parallels are 
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increased towards the Poles, in order to compezsate for the expansion of 
the meridian distances, by which indeed those Countries situated far from 
the equator become distorted, or considerably enlarged beyond their 
relative size, with respect to those nearer the equator; notwithstanding 
which, the bearings and distances of places may be easily and accurately 
found by these charts. 

The following is the method of constructing a chart on Mercators 
projection. 

Having first determined the limits of the proposed chart, that is, the 
number of degrees and minutes it is to contain, both of latitude and longi- 
tude, and the degree of each it is to commence from, take out the meridional 
parts from Table III., corresponding to each degree of latitude within the 
intended limits, and find the difference between the meridional parts of each 
succeeding latitude; but if the scale of the chart be small, the meridional 
parts, with their differences to every fifth or tenth degree, may be taken. 
Reduce the difference of the meridional parts into degrees, by dividing them 
by 60.. Draw a line near one of the margins of the paper, to represent the 
parallel of the least latitude, on which lay off the proposed number of 
degrees of longitude, taken from a scale of equal parts, and number them 
at every fifth or tenth degree. From each end of this parallel draw perpei- 
dicular lines for the extreme meridians, and make them equal to the 
difference of the meridional parts of the extreme latitudes, taken from the 
scale of longitude, or graduated parallel; join the ends of these meridians 
by a strait line, which will represent the other extreme parallel, and is to be 
ilivided in the same manner as the first parallel. 

Take the meridional difference of latitude between the least latitude and 
the next fifth or tenth degree of latitude, from the divided parallel, and 
lay it off from the first parallel on each of the extreme meridians. In like 
manner, the meridional difference of latitude between each successive five or 
ten degrees is to be taken from the graduated parallel, and laid off and 
numbered on the meridians ; but if the chart be drawn on alarge scale, the 
meridional differences of latitude between each degree are to be laid off. ‘The 
spaces are then to be subdivided into degrees or miles. 

Through each fifth or tenth degree of latitude and longitude draw 
meridians and parallels; or through each degree, if the scale will permit, 
without crowding the chart with a multiplicity of lines. 

The principal points in the charts are now to be laid down according to 
their respective latitudes and longitudes, and connected either by obscr- 
vations made on the coast, agreeably to the directions given for surveying 
coasts and harbours, or from the best charts. 

One or more compasses are to be inserted in the most convenient parts 
of the chart, and the rhumb-lines extended to the coast. ‘The variation of 
the compass is to be set down in places where it is well ascertained. Currents 
are to be denoted by darts. The best anchorages, soundings, times of high 
water, &c. are all to be marked in their proper places. ‘For further par- 
ticulars, see Maritime Surveying. 

In order to illustrate the above Rules, let us take an Example. Suppose, 
for instance, it be required to draw a chart extending from 2 degrees of east 
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Longitude to 30 degrees of west longitude, and from 10 degrees to 57 degrees 
of north latitude. (See Plate LV.) 

Having drawn the bottom marginal line to represent the parallel of 
10 degrees, divide it into 32 equal parts, the number of degrees of longitude 
the chart is to contain ; and at each end erect a perpendicular line. | 

Take out the meridional parts corresponding to every fifth degree, and 
set them down with their differences in the following order : 


Latitudes. Merid. Parts. Differences. 
oO 
nach EIN Beebe) sien 
3 Qamesapabane 1a9R ernest 315 (== 55 15 
ee ly isso 325 = 5 25 
eden bed te We See, 338 = 5 38 
OU aseksesbeds 1888 
eueseyenees 356 .= 5 56 
Biiadatsasenasees 2244 
tetegs terse 379 -= 6 19 
AY veins acount’ 2623 
edeasttveae 407 = 6.47 
Dy elestanes see 3030 
coast eiaaeen 444°" "7 3 
1 AR sien, =A 3474 
BF 3968 494 = 8 14 
eecesoooces 70 
adbacctwsees 2 — : 
Od ists ante 4183 MY ee oe 


Now take the first difference 5° '7’ in the compasses from the divided — 
parallel, and lay it off on both meridians from 10° to 15°; from 15° to 20° 
lay off the next difference 5°15’, taken from the same parallel, and so 
proceed to the latitude 57°; through each of these corresponding points 
draw lines, to represent the respective parallels of latitude, and subdivide 
the extreme meridians into degrees. Divide the parallel of 57° in the same | 
manner as that of 10°, and draw meridian lines through every fifth degree, 
numbering them as on the chart. | 

The principal points are to be laid down agreeably to their latitudes and 
longitudes, through which the coast is to be drawn; and the various par- 
ticulars are to be inserted, as rocks, shoals, islands, a compass, &c. which 
will be best understood by inspecting the chart. 


USE OF MERCATOR’S CHART. 
To find the Latitude and Longitude of a Place on the Chart. 


With a pair of compasses take the least distance between the given place, 
and the nearest parallel of latitude ; apply that distance, the same way, on 
one of the graduated meridians, one foot of the compasses being fixed at 
that point where the parallel cuts the graduated meridian, and the other 
will shew the latitude of the place. 

The least distance between the given place and one of the nearest 
meridians being applied in the same manner to either of the graduated 
parallels, will point out the longitude of the place. 

For example. The least distance between Cape St. Vincent and the 
parallel of 35° on the chart, being taken and applied to one of the graduated 
meridians from the same parallel upwards, will give its latitude about 
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37 degrees N ; and the least distance between the same Cape and the 
meridian of 10°, being applied to either graduated parallel, towards the 
right from that meridian, will give its longitude $° West. | 


To lay down upon the Chart any Place whose Latitude and 
Longitude are given. 


Lay the edge of a scale over the parallel of the given latitude, and with 
a pair of compasses take, from one of the divided parallels, the distance 
between the given longitude and the nearest meridian line: this being applied 
along the edge of the scale, from that point where the scale intersects the 
meridian line, the same way that the longitude lies, will point out the place 
required. 

Example. Suppose a ship be in latitude 52°30’ N., and longitude 23° W.: 
required its situation on the chart. 

Lay the edge of the scale over latitude 52° 30’ N., and take from one of 
the divided parallels the distance between the meridian of 20°, and the 
longitude 23°; this being laid off along the edge of the scale, towards the 
left, from the meridian of 20°, will give the ship’s place at a. 

In this manner a ship’s track is usually pricked off at sea, her latitude 
and longitude being laid down every day at noon; and the ship’s places 
connected by pencil-lines drawn between them. 


To find the Course or Bearing between two Places on the Chart. 


Lay the edge of a scale over the given places, and take the least distance 
between the centre of one of the compasses drawn on the chart, and the 
edge of the scale; move this extent along, so that one point of the compass 
may touch the edge of the scale, while the other is to be kept in a perpen- 
dicular position to it, with respect to the edge of the scale; then that other 
point will generate an imaginary line, passing through the centre of the 
compass on the chart, which will shew the course or bearing. 

Or, with a parallel rule, lay one of its edges over both the places; then 
move the two parts of the rwe in succession, until the edge of one of them 
pass through the centre of a compass on the chart; and that edge will 
point out the course. z 


To find the Distance between any two Places on the Chart. 


1. If the given places lay under the same meridian, find their latitudes 
on the chart; and the difference or sum of these, according as the places 
lay on the same, or on different sides of the equator, will give the distance. 


2. If the given places lay in the same parallel of latitude, take half the 
distance between them, and placing one foot of the compasses in the 
graduated meridian on their latitude, observe what latitudes the other foot 
points to, both above and below: the difference between these will be their 
distance 

S 
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3. But if the given places differ both in latitude and longitude, take the 
distance between them, and apply it to either of the graduated meridians, so 
that one toot of the compasses may be as much above one place as the other 
is below the other place; then the degrees or minutes contained between 
the points of the compasses, will be the distance required, which may be 
reduced to miles or leagues. . 

But if the places lay nearly in a parallel, and their distance be consider- 
able, it will conduce to accuracy if the middle latitude between the two 
places be found ; then half their distance being applied alternately above 
and below the middle latitude, will give the distance : 

Or, a degree may be taken near the middle parallel, and the number of 
these degrees and parts contained between the two places being measured 
along the edge of the scale, will give the distance. 

The distance may also be found in the following manner :—TF'ind the 
difference of latitude between the given places, and take it from the 
equator, or one of the graduated parallels; then lay the edge of a scale 
over the given places, and move or slide one point of the compasses along 
the edge of the scale (keeping both points parallel to the meridians), until 
the other point just touch a parallel. Now, the distance between the . 
place where the point of the compasses rested, and the point of intersection 
of the edge of the scale and parallel, being applied to the equator, or one 
of the graduated parallels, will give the distance in degrees and parts, which 
may be reduced to miles. 7 

Example. Required the course and distance from Cape St. Vincent to 
the east end of the Island of Madeira. 

Lay the edge of a scale over the two places, and take the least distance 
between it and the centre of the compass; then sliding one point along the 
edge of the scale, the other will shew the course to be S. W. b. W. nearly: 
the extent between the two places being taken with the compasses, and 
applied to one of the graduated meridians, wl reach from 31° to about 
33° 40’, being an interval of 7° 40’: hence the distance is 460 miles. 

Or, take the difference of latitude between the two places, which is 4° 19’, 
‘from either of the graduated parallels, and laying the edge of the scale over 
the two places, move one point of the compasses along it until the other 
just touch a parallel, as that of 35°; then the extent between the place 
where the foot of the compasses rested, and the point where the scale cuts 
the parallel of 35°, being applied to the graduated parallel. will give the 
distance 7° 40’, or 460 miles, as before. 


The Course steered, and Distance run from any given Place, being 
known, to find the Ship's Place on the Chart. 


Lay the edge of the scale over the given place in the direction of the 
ship’s course; then take the distance run from that part of one of the 
graduated meridians opposite the given place and the supposed place of the 
ship, which lay off from the given place along the edge of the scale, and it 
will shew the place of the ship. Or, placing the scale as before directed, 
take the given distance from one of the graduated parallels; put one foot 
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of the compasses in that point of a parallel that is cut by the edge of the 
scale, and the other foot will reach to a certain place along the edge of the 
scale. Now this foot remaining m the same position, draw in the other 
point of the compasses until it just touch the above, parallel, without «ross 
ing it; apply this extent to the graduated parallel, and it will give the 
difference of latitude: hence the latitude in will be known, through which 
a parallel being drawn, that point where it intersects the edge of the scale, 
will be the ship’s place. 

Example. Suppose a ship sail N. W. b. N. 400 miles from Cape Blanco; 
required her place on the Chart. 

By either of the above methods the ship’s place will be found at Bs, in 
latitude 26° 23 N., and in longitude 21° 10’ W. 


“= MARINE SURVEYING. 


a SS 


NoTWITHSTANDING the great importance of accurate surveys of the 
various coasts and harbours that are frequented by mariners, it must be 
confessed that the manner of executing this branch of the nautical Art 
has been but little attended to, and that the opportunities which so 
frequently occur to seamen of adding to our present stock of geographical 
knowledge, are almost entirely neglected, or at least such incorrect 
observations made, as can be of little service to the attainment of truth. 
We therefore think it proper, before we proceed to the astronomical part 
of the Work, to lay down a few general directions, illustrated by proper 
examples, shewing how a coast or harbour may be easily surveyed with 
such instruments as are commonly used at sea; and we shall at the same 
time explain the method of delineating the observations on paper.* 


To survey a Bay or Harbour 


Take a general view of the place, by walking or sailing round it. During 
this time make a rough sketch of the coast, carefully drawing the various 
projections and bendings, and noting whatever is remarkable. On the prin- 
cipal points and curves place station-staves, or strait poles, high enough to 
be seen at a considerable distance ; and, to render these more conspicuous, 
fasten a piece of white bunting to the top of them: if there be a tree. 
house, or other remarkable object at any of these places, it may serve 
instead of a station-staff ; these are all to be marked down on the eye-sketch, 
either with letters or numbers, in order to distinguish them. 


* Those who are desirous of obtaining further information on this subject, may consult 
the folowizg Works :—‘“* A Treatise on Marine Surveying, by Murdoch Mackenzie, Sen., 
corrected and republished, with a Supplement, by James Horsburgh, F. R. S., &c.%—= 
“‘ An Introduction to the Practice of Nautical Surveying, and the Construction of Sea Charts 
translated from the French of C. F. Beautemps-Beaupre, by Captain R. Copeland, R. N.° 
or ** A Treatise on Nautical Surveying, by Commander Edward Belcher. R. N.” 
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Proceed now to determine the position of the stations by observations 
made either on shore or on the water. In the former case, find a level spot 
of ground near the shore whereon a base-line may be measured, which base- 
line must be so situated, that the whole, or the most part, of the stations, or 
remarkable objects, may be seen from both the extremities; and its length 
and direction, if possible, such, that the angle contained between it and any 
of the station-staves taken from one end, may differ at least ten degrees 
from the same taken from the other end thereof. Then set up two station- 
staves; the further these are from each other, in general, the better; care- 
fully measure their distance either by a chain, a measuring pole, or a piece 
of log-line divided into feet, and observe their bearing as accurately as 
possible by an azimuth compass. 

If a base-line of sufficient length cannot be taken in one right line, two 
adjoining lines and their included angle may be measured, and the distance 
between their extremes found either by construction or computation, which 
may be considered as a base: the bearing of this line may be ascertained 
from that of one of the measured lines and the adjacent angle. 

When the survey cannot be taken on shore, (which, however, is always 
to be preferred, on account of the superior accuracy with which the 
observations can be made), a base-line may be laid down on the water, by 
mooring two buoys in the most convenient situations, and measuring, as 
accurately as possible, their bearing and distance from each other. 

Having fixed upon a base-line, from each extremity, observe the bearing 
of the several remarked objects, and note them down in their proper order; 
or rather, with a quadrant or sextant, observe the angles formed between 
the base-line and lines drawn from each end to the several stations. If 
any of the angles exceed the limits of the instrument, it may be measured 
at twice, by taking the angular distance of some intermediate object from 
each extreme object. ‘These bearings or angles are all to be entered on 
paper, as they are taken, and distinguished by the letters marked on the 
rough sketch. 

If any of the objects be not visible from both or either end of the base- 
line, their positions must be ascertained by angles taken from stations 
whose situations are already known. Sometimes it will be necessary to 
measure out a new base, which is to be connected, if possible, with the 
first base, either by angles taken from both extremities of the first base, 
or from one extremity and a station-staff, or from two station-staves whose 
positions have been previously determined. 

When the survey is made by base-lines on the water, if all the principal 
points cannot be seen from two stations, moor as many buoys as are neces- 
sary, and observe their bearings and distances from each other, which set 
down in the manner of a ‘Traverse; bearings or angles being then taken 
from any two of them whose situations have been determined, will give the 
positions of the places required. , 

Having proceeded so far on the survey, it will be proper to lay down the 
observations on paper ; for which purpose describe a circle with the chord 
of 60°, and through its centre draw the magnetic north and south line: on 
this circle lay off the bearing of the base, and draw a line parallel to it on 
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a convenient part of the paper, to represent the position and length of the 
base. F'romeach end of the base draw lines parallel to the respective observed 
bearings, previously laid down on the circle; or if angles between the base- 
line and the stations be observed, a circle is to be drawn at each end of the 
base on which they are to be laid off; then the intersection of each pair of 
corresponding lines will give the position of the stations, between each of 
which the configuration of the coast is to be drawn from the sketches 
already made. 

Now sail about the harbour at low water, and take the soundings or 
depths of the sea, observing whether the ground be rocky, sandy, shelly, 
&c. At the place where each sounding is taken, observe the bearings of two 
remarkable objects, whose positions had been previously determined: hence 
its situation may be laid down on the chart, where the depth of water is 
to be denoted by small numeral figures. In like manner determine the 
situation of rocks, shoals, anchoring-places, &c. that may be in or near the 
harbour, and mark them down accordingly*. Observe the set and velocity 
of the tide of flood, by heaving the log while at anchor, and denote the 
same on the chart by small darts. The time of high water, at new and 
full moon, is to be inserted in Roman numeral letters; rocks are to be 
denoted by small crosses ; sands by dotted shading ; good anchoring-places 
by a small anchor, and stopping places by a small anchor without a stock. 
Whilst going on with the necessary operations on the water, take particular 
care, on coming near the shore, to correct the outline of the chart, by 
observing the inflection, creeks, &c. more minutely. 

In a:small sailing vessel go out to sea, and take drawings of the appear- 
ance of the land, with its bearings. Sail into the harbour, observe the 
appearance of its entrance, and particularly. whether there be any false 
resemblance of an entrance, by which ships may be deceived into danger. 
Remark the signs or objects, by attending to which, the harbour may be 
entered with safety ; more especially, where it can be done, let the ship 
steer to the anchoring-place, keeping two remarkable objects in one, or in 
aline. These leading marks are to be inserted on the draught, by drawing 
fine double lines through the objects. 

The necessary bhecrvations being all laid down on the chart, shade the 
coast on the land-side with Indian ink, a and draw houses, churches, trees, &c. 
in their proper places; the coast should be shaded so as to exhibit, as nearly 
as possible, its natural appearance, particularly shewing whether it be high, 
low, sandy, rocky, bad shore, &e. Ina convenient place insert a Mariner’ s 
Compass, by which the situation of the rhumbs will be shewn: this may be 
drawn either according to the magnetic or true north, as may be thought 
proper ; the variation is to be marked by placing a smali fleur de lis at 
the north point from which the compass is not drawn. The name of the 
place, on what coast or country, the latitude and longitude, and whatever 
oe may be thought necessary, are to be ascertained and inserted in the 
chart. 


* When the relative positions of three stations are well determined, a fourth station mav 
-be found, as shewn in Example V. of Obliqne Sailing: in this manner the situation of rocks, 
sboals, soundings, &c. may be accurately laid down. 
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T'o survey a Coast while sailing along it. 

When the ship has arrived at a convenient situation, from whence there 
is a tolerably extensive view of the coast, there cast anchor, or lay-to as steady 
as possible; then, while the vessel is in this stationary position, observe, 
with an azimuth compass, the bearings of the most material projections 
and hollows, and whatever objects are remarkable on the coast ; or rather, 
take the bearing of one of the most conspicuous points, and observe, with 
a quadrant or sextant, the angular distances contained between it and the 
other remarkable objects ; write these down on paper, and make a rough 
sketch of the coast, on which mark the observed points, &c. with letters, 
for the sake of reference. 

Then let the ship run in a direct line upon a known course, measuring 
the distance with all imaginable care by a log, or otherwise; during which 
time take soundings, and draw a more correct sketch of the coast, with 
appearances of land, &. When she has at length attained a proper situation, 
from whence the same points and objects before observed may be still seen, 
lay-to, as at the first station, and again observe the bearings or angles of the 
former objects, and likewise of others in the continuation of the coast, which 
note down as before: in this manner proceed from station to station, until 
the survey be extended as far as may be thought proper. 

The observations are to be laid down on paper, by drawing the ship’s 
courses and distances between the stations, in the manner of a Traverse, 
and setting off the bearings and angles observed at each station; then the 
intersection of the corresponding lines will give the position of the several 
observed points and objects, through which the configuration of the coast is 
to be drawn from the sketches made while sailing along it. 


To reduce a Draught to any Scale required. 


Surveys being usually drawn upon a large scale, for the sake of accuracy, it 
frequently becomes necessary to reduce them to a smaller, when they are used 
in the construction of charts, in order to adapt them to that particular scale 
on which the other parts of the chart are drawn: this may be performed several 
ways; but the following is the easiest, and the most convenient in practice. 

Divide the whole, or that part of the draught to be copied, into small 
squares, by setting off any convenient number of equal divisions on the 
marginal lines, and through these drawing lines across the draught with a 
black-lead pencil; in like manner divide that part of the paper on which the 
copy is to be taken, into the same number of squares. If the divisions round 
the margins be numbered alike on both draughts, or if every fourth or fifth 
line be drawn somewhat stronger than the rest, the corresponding squares 
will be more readily discovered. With a pencil draw in such lines, curves, 
and other particulars on the copy as are found in the corresponding squares 
of the former draught: when the whole is thus correctly copied, draw the 
lines, &c. over with a pen dipped in Indian ink dissolved in water, and when 
dry, rub out the pencil-lines with Indian rubber, or crumbs of stale bread. 

We shall now proceed to elucidate what has been said on Surveying, by 
the three following Examples, each of which exhibits a different method of 
conducting the operation. 


Plate V. 
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EXAMPLE I 

_ Let it be required to survey the harbour (No. 1, Plate V.) by observa. 
tions made on the water. 

_ Having sailed round the harbour, and fixed upon the several stations on 
the coast, let the two buoys, a and B, be moored so that all the points or 
stations may be seen from both, whose bearing, from a to B, as observed 
by an azimuth compass, suppose to be N. 46° E., and their distance 
measured by a log, one mile*; then having taken the boat to the stations 
A and B, suppose the following bearings to have been taken. 


From Station A. From Station B. 
AC = N. 100° E. BC N. 121° E. 
rb ae ee Sn BD = No 99s i. 
BER Ss iedNet, 6S ++ Ee BBy =. IN 3 Tae 
Bese Ny 29. Ee BES No Ld. 
AG wes N, *\ Baers BGs =a Nok. 36,4 W 
EL: eSNG > yoo: Ws BH: == Ne ¢74/aw, 
Alii sNeslliO Wi Biber) Ni 1229 Wi 


_ The above bearings being observed, proceed to draw the plan as follows 
In a convenient part of the paper describe a circle, with the chord of 60° 
and through the centre draw a line, to represent the magnetic meridian, or 
north and south line; on this circle lay off the bearings, as above, and 
through a and B draw lines parallel to them; then the intersection of these 
lines will give the position of the points cprreut, through which draw 
the configuration of the coast, according to the sketch previously made, and 
insert the isles, rocks, shoals, and sand-banks, that lay within or near the 
harbour, with the marks to avoid them, the proper places for anchoring, 
the depth of water in various parts, the variation of the compass, and what- 
ever other particulars may appear worthiy of notice. . 


EXAMPLE II 


_ Wanting to survey a coast whilst sailing along it, I ran from a to B 
(No.--2,.Plate-V.)..W.S..W..6 miles; from.z to c,. West 4 miles; and | 
from c to p, N. N. W. § W. 34 miles; taking the following bearings and 
angles at each station : 


: 1. From Srarion A. 2. From Station B. 

‘The Bearing of AG = N. 51° O W. | TheBearingof BK =N. 33° 0 W. 

‘TheAngle GAE = 58 40 TheAngle KBL = 17 40 

_GAF = 25 0 KBI = 28 35 

—* GAH= 21 50 eee KBH = 56 0 

AG KBG = 60 0 

en KBF = 69 40 

eaten KBE = so 3 


_ © Ina case like this, where it is necessary to make the observations on the water, as it 
will be difficult to measure accurately the distance between the buoys, the same may be 
as ertained between any two of the stations on shore, which will furnish a scale for the plan ; 
and the bearings or angles being taken from the buoys, will shew the relative position of the — 
stations. 
+ 
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3. From STaTion C. 4. From Strarion D. 
The Bearing of CK = N. 46° O E. The Bearingof DN =N, 20° OE. 
TheAngle- KCI = 13 16 The Angle NDO = 67 50 
KCL = 36 30 —_— NDM = 22 5 
cabot KCM = 44 0O 
ices KCN = 55 45 
Bu si CoN 1 es det 


To delineate these observations on paper, first draw a compass in a con- 
venient part, and fix upon a point, as a, for the first station; through which 
draw the line a8 parallel to the W. S. W. rhumb-line, and equal to 6 miles, 
the distance run on that rhumb; then will 8 be the second station: proceed 
in like manner with the second and third courses, by which you will obtain 
the third and fourth stations, c and p. Through a draw the line ac parallel 
to N. 51° W., laid off on the compass, and make the angles Gaz, GAF, 
GAH, according to the above observations: in the same manner the bear- 
ings and angles are to be laid down from the other stations; then the inter- 
secting lines will give the points x Frc, &c., through which the coast is to be 
drawn, agreeably to the sketches made at the time of passing along it. The 
scale of miles is to be laid down from the same equal parts as the distances 
run were measured by. 


EXAMPLE III. 


Let it be required to take an accurate survey, and from thence to make 
a chart of the harbour and adjacent island, (No. 3, Plate V.) 

Sail round the coasts to be surveyed, and fix station-staves on the prin- 
cipal points, where there are no remarkable objects to distinguish them: at 
the same time take a rough sketch of the harbour, on which denote the 
situation of the objects and stations by the letters a, 6, c, &c.; it will like- 
wise be advisable to take a more particular sketch of the coasts between 
each station, on a separate piece of paper. Seek for a proper place near the 
shore, on which a base-line may be measured ; and, since there is no part 
of the coast which commands a view of all the stations, it will be necessary 
to measure out two base-lines: accordingly the base-line aB is fixed upon, 
the ground being there level, and a considerable number of station-staves 
visible from each extremity: its length, as measured by a chain, is 800 
fathoms, and its bearing from a to B, N. 48° E. From each end measure 
the angles contained between the base-line and the several stations within 
sight, which are as follow: 


From STaTIon A. From Station B. 
The Angle BAb = 23° 35! The Angle ABa = 18° 40 
BAe = .1527°° 70 ate "on 0 
notin | SSPE te mea 0 am ABC = 60 18 
PS FY eee a | 0 ———| ABD =. 66 0 
a= CAcec = 25 13 wi) ABE =) 60eege 
sesennets ich, Gibco! aroun w—— d Be = 36 35 
— dBb = 6t 10 
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[t will now be necessary to fix upon a place whereon another base-line 
may be measured, from whence the remaining stations may be seen. The 
most convenient spot 1s between p and E; let p £, therefore, be the second 
pase-line, its length being 660 fathoms, and bearing from p to £, N. 720 W.; 
but as its southern extremity p can be seen only from one end of the first 
base, the angle d cp is to be observed from c, in order to ascertain the 
position of the second base with regard to the first; this angle is found to 
be 44° 0’; now measure the angles formed by lines drawn from each end of 
this base to the station-staves, or other objects, which are as follow: 


From Station D. From Station E. 
The AngleE Dk = 21° 19 The AngleDEg = 22° 28 
CS ey ime ings fagmiaie. LEY 1 — 4 0 
ip) pie |: ie 3 — fEk = 70 0 


Having taken all the necessary bearings and angles on shore, lay them 
down upon paper agreeably to the preceding directions: hence the relative 
position of the points a, a, B, b, c, d, D, E, C, e, f, g, and k, will be obtained ; 
which are to be connected by drawing the configuration of the coast from 
the sketches made whilst sailing round the harbour and island. The chart 
being thus far delineated, proceed to make the requisite observations on 
the water. In sounding for the depths of water, a shoal is discovered in 
one of the entrances: now its extremes i / are to be ascertained by their 
bearings from the stations p and E; the bearing of i £ is N. 40° E., and 
of i vp, N. 72° E.; also the bearing of hE is N. 40° W., and of hp 
N. 10° E.: to Jay these down on the chart, through § and p draw lines 
parallel to the above bearings, which are to be previously laid off on the 
compass ; these will meet at 2 and h, and determine the extremities of the 
shoal.* In the same way the positions of the soundings, anchoring places, 
rocks, &c. are to be ascertained and Jaid down. 

The above bearings being all magnetic, and it being thought proper 
to draw a compass according to the true meridian, the variation, which 
is 26° easterly, is to be laid off to the left of the magnetic north; hence the 
direction of the true meridian and the other rhumb-lines will be obtained. 

The scale shews the length of a geographical mile, containing 1013 
fathoms; therefore take 1013 from the same scale of equal parts that was 
used in laying down the base-lines; or, make the transverse distance of 
400 on the sector, equal to the length of the base a 8; then the transverse 
distance of 506 will be the length of one mile. (See Use of Sector, page 32.) 

The following methods of ascertaining the heights and distances of 
remote objects being frequently useful, particularly in the practice of 
surveying, we think it proper to introduce them before we dismiss the 
present subject. 


To find the Height of an accessible Object. 


Measure the horizontal distance, between the eye and the object, of the 
point immediately under it, and observe the angle of elevation with a 


* Or, more accurate!y, by taking the angles subtended by the Stations D, £, k, at i and h, 
the extremities of the shoal, as shewn in Example V. of Oblique Sailing. 
T : 
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quadrant: thus will be obtained the base and angles of a right-angled 
triangle, the perpendicular of which being found, will be the height of the 
object above the horizontal plane, to which add the height of the eye. 

Or, by removing either towards or from the object, until the angle of 
elevation be 45°, the horizontal distance, added to the height of the eye, will 
give the height of the object. 


EXAMPLE. 


From the bottom of a tower I measured 200 feet on a horizontal plane; 
I then took the angle of elevation, and found it 46°30’, the height of my 
cye being 6 feet: required the height of the tower. 
ha i i 


In the triangle a Bc are given the 
side a B 200 feet, and the angle Bac 
46° 30’, to find the perpendicular B c. 


A 

b F 
AS TACIIR S.. ised, va cet dete teeee tna es 10. 00000 
Is to the distance a B or DE 200... 2. 30103 
So is tang. angle Bac 46° 30’...... 10. 02275 


— 


To the perpendicular Bc 210.7 2.32378 
Height of the eye aD or BE —_-—- 


Height of the tower cE ... 216.7 feet 


If the height of the object be known, and the angle of elevation observed, 
the horizontal distance of the eye may be found ; for in this case there will 
be given the perpendicular and angles of a right-angled triangle to find the 
base or distance required. 


To find the Height of an inaccessible Object. 


Measure the angle of elevation at a convenient distance from the given 
object; then remove in a direct line from the object, and again observe 
the angle of elevation, the distance between the stations being carefully 
measured : hence will be given one side and the angles of an oblique-angled 
triangle, with which, find the less of the other sides. Now that side will 
be the hypothenuse of a right-angled triangle, the perpendicular of which 
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being found, and the height of the eye added to it, their sum will be the 
height of the object. 


EXAM PLE. 


Wanting to know the height of a lighthouse above the level of the sea, 
and not being able to measure its horizontal distance, I took the angle of 
elevation, and found it to be 31°45’, and after removing from it 120 fathoms, 
I observed the angle of elevation to be 21° 20’: required the height of the 
lighthouse. 


In the triangle a Bc are 
given the angle acB 21°20’; 
the angle ca B 10° 25’; and 
the side c B 120 fathoms, to 


find the side B a. so 8 Ke Ne) - 


C 1290 fathoms B 


Angle acB...... PIB As sine angle ca B 10° 25’ ......... 9. 25721 
Angle a BC...... 146 15 Isto the sidé.c 8.12027, ate 2. 67918 
——- So is sine angle ac B 21° 20’ ...... 9 56085 

169 35 we 

180 0 11. 64003 

9. 25721 


Angle ca B...... 10 25 


PPo-the side A B241; 4. icons ceacca ee 2. 38282 


In the right-angled triangle a 8 p are given the angle a B p 31° 45’, and 
the hypothenuse a 2 241. 4, to find the perpendicular a p. 


PUENPOMTUS Ms sec eck oes Seowaeceeiees thes 10. 00060 
Is to the hypothenuse a B 241.4... 2.38274 
So is sine of angle aBp 31° 45’... 9. 72116 


To the perpendicular a p 127...... 2. 10390 


Hence the height of the lighthouse is 127 fathoms, or 762 feet above the 
level of the sea. 


In this example the height of the eye is neglected; for, supposing the 
observations to have been made in a boat, the eye would nearly coincide 
with the surface of the water, and hence the omission would lead to no 
material error. 


Shorter methods might have been given for solving the above; but as 
the present is worked directly by the Rules of Trigonometry, it is more 
likely to be retained in the memory. 

TS 
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To find the Distance of Objects at Sea by Means of the Curvature 
of the Earth. 


To the logarithm of the diameter of the earth, increased by the height of 
the eye, add the logarithm of that height, and half the sum will be the 
logarithm of the distance of the visible horizon in feet ; from which subtract 
the constant logarithm 3. '783904, and the remainder will be the distance in 
nautical miles, to which add a twelfth part of the distance, on account of 
terrestrial refraction. 


EXAMPLE. 


At what distance is the visible horizon from a person, whose eye is elevated 
_120 feet above the surface of the water ? 


Diameter of the earth in feet...... 41804400 
Bieight of the Gye «1.35... .s¥esgwese- 120 Log. 2. 079181 


et ee 


41804520 Log. 7. 621223 


9. 700404 

Pistanee InWeetis, axsas Sues ce eee 70827. 5 Log. 4. 850202 
Constant Log. 3. 783904 , 

Distance in nautical miles ......... 11. 65 Log. 1. 066298 
Add one-twelfth part .........s.000. 0. 97 Se 


Distance corrected for refraction... 12. 62 


- When the height of a distant object appearing in the horizon is given 
‘ts distance from the eye is found by adding together the distances answer- 
ing to each height. (See Explanation to Table XX.) 


To find the Distance of an Object, by observing the Interval between 
the Flash and Report of a Gun. 


Multiply 1142 (the number of feet sound travels in a second) by the 
number of seconds in the above interval; and the product will be the 
distance in feet, which, divided by 6079, will give the distance in nautical 
miles. 


EXAMPLE. 


A ship at sea was observed to fire a gun, and 24 seconds afterwards the 
report was heard: required the distance of the ship from the observer. 

1142 multiplied by 24 gives 27408, the distance in feet, which, divided 
by 6079, gives 43 miles. 
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ASTRONOMY. 
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_ ASTRONOMY isa science which treats of the motions and distances 
of theheavenly bodies, and of the appearances thence arising. 3 
_ A great variety of opinions prevailed, at different times, among phi- 
losophers of former ages, concerning the order and arrangement of the 
several parts of the universe, or of the positions of those bodies which 
appear in the heavens. ‘The most eminent Astronomers of the present day 
suppose the universe composed of an infinite number of systems or worlds, 
that in every system there are certain bodies moving in free space, and 
revolving at different distances around a sun, placed in or near the centre 
of the system, and that these suns and other bodies are the stars which are 
seen in the heavens. 
The Srars are distinguished into two kinds, viz. fired and wandering. © 
The fixed stars are supposed to be suns in the centre of their systems, — 
shining with their own light, and preserving always the same situations with 
respect to each other: they are usually divided, according to their apparent — 
splendour, into different classes, called magnitudes ; the brightest being 
denominated stars of the first magnitude ; the next to them in brightness, 
of the second magnitude ; and so on to those stars that are scarcely, visible _ 
to the naked eye, which are termed stars of the sixth or seventh magnitude. — 
- In order to. assist the memory, Astronomers have divided the heavens — 
into parcels, called constellations : these are a number of fixed stars, lying — 
contiguous, which are.supposed to be circumscribed by the outline of some 
animal, or other imaginary-figure. Stars which are not included within the — 
constellations, are called wnformed stars. ‘The stars in each constellation | 
are generally distinguished by letters of the Greek alphabet, and some.of 
the principal have proper names: thus the star marked a, in the constellation _ 
of Taurus, is called A/debaran. 
_ 'The wandering stars are those bodies within our system which revolve — 
ound the sun; they appear luminous, by reflecting the light they receive — 
from the sun, and are of three kinds, namely, primary planets, secondary 
lanets, and comets. | 
_ Primary pLanets are those bodies which, in revolving round the 
sun, respect him only as the centre of their revolution ; their motions are 
regularly performed in tracks or paths, called*oxsrrs, which are nearly 
circular and concentric with each other. ) 
_ A SECONDARY PLANET, called also a SATELLITE or MOON, is a body | 
which, while it is carried round the sun, also revolves round a primary 
planet, which it respects as its centre. 
~ Comets are a kind of planets which move round the sun m very eccentric _ 
orbits, and in various directions, having vast.atmospheres about them, 
and tails of a hairy or nebulous appearance, especially when they are | 
near the sun. a 
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OF THE SOLAR SYSTEM. 


The so.ar sysTeM is that in which our earth is placed, and in which 
the sun is supposed to be fixed near the centre, with several bodies similar 
to our earth revolving round him at different distances. ‘This hypothesis, 
which is the only one that can explain all the phenomena of the heavenly 
bodies, is said to have been first taught by Pythagoras; after whose time it 
remained many ages in oblivion, until it was revived, in the beginning of 
the sixteenth century, by Copernicus, and has since been fully established 
on the firm basis of demonstration by the immortal Newton. 

There are eleven primary planets in our system, accompanied by at least 
sixteen satellites. The names of the primary planets, with their characters, 
reckoned in order from the Sun ©, are as follow:—Mercury %, Venus ?, 
Earth ®, Mars ¢, Vesta &%, Juno $, Ceres ?, Pallas 6, Jupiter 4, 
Saturn hk, and Uranus, Herschel. or Georgium Sidus 9 (See Plate VI. 
Big.its 

alte and Venus are called inferior planets, because their orbits are 
within the Earth’s; the others are called superior planets, as their orbits 
include that of the Earth. 

The primary planets, accompanied by their satellites, revolve round the 
sun from west to east, in various portions of time, which are called their 
periodic revolution, or annual motion ; the planes of their orbits all pass 
through the centre of the sun, but are inclined more or less to that of the 
earth, crossing it in two points, called Nodes. | 

Although to an observer placed in the sun, the planets would appear to 
move in due order about him, from west to east, yet, since the earth is not 
in the centre of the system, their apparent motions in the heavens are very 
irregular: sometimes they appear to move from west to east, and then to 
stand still; then they seem to move from east to west, and after standing 
some time, they again move from west to east, and soon continually. The 
motion of a planet from west to east is called the direct motion, or according 
to the order of the signs. ‘The contrary motion from east to west is called 
retrograde ; and when the planet appears to stand still, it is said to be 
stationary. 

The situation of a planet in the heavens, as it would appear if seen from 
the sun, is called its heliocentric place; and as seen from the earth, its 
geocentric place. 

The angular distance of a planet from the sun is termed its elongation. 

When a planet is in the same part of the heavens with the sun, those 
bodies are said to be in conjunction ; and when their angular distance 1s 
180°, in opposition. 'The same terms are used with respect to any other 
two celestial bodies. 

We now proceed to give a more particular description of the sun and the 
planets. 

The Sun, that great fountain of heat, light, and vegetation, is an immense 
spherical body, placed near the centre of the orbits of all the planets; its 
diameter is about 882,000 English miles, and it turns round its axis in 
25 days 10 hours. 
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Mercury is, of all the primary planets, the nearest to the sun: his 
diameter is about 3140 miles, and mean distance from that luminary above 
36 millions of miles. His periodic revolution is performed in 87 days 
23 hours. 

To a spectator on the earth this planet keeps so near the sun, that 
we can seldom discern him without the aid of telescopes: he appears some- 
times a little before sunset, and at other times a little after sunrise. 

VerNus is the next planet in the order of the system, and is distinguished 
by her superior brilliancy ; her diameter is 7687 miles, her mean distance 
from the sun nearly 68 millions of miles, and her periodic revolution is 
performed in 224 days 17 hours. 

This planet appears to us always near the sun, although she recedes from 
him almost double the distance of Mercury; when she is in that part of 
her orbit which is west of the sun, she mses before him in the morning, 
and is called Lucifer, or the morning star; and when she is in the eastern 
part of her orbit, she shines in the evening after he sets, and is called 
Vesper, or the evening star. 

The Earru, or planet which we inhabit, is about 7916 English miles 
in diameter, and is about 95 millions of miles from the sun; it performs 
a revolution through its orbit in 365 days 6 hours, which period is called 
a year, and revolves round its axis, from west to east, in 24 hours, 
which occasions the apparent diurnal motion of the sun, and all the 
heavenly bodies round it, from east to west, in the same time; it is of 
course the cause of their rising and setting, of day and night. The axis 
of the earth is inclined 23° 28’ from a perpendicular to the plane of its 
orbit, and keeps in a direction parallel to itself throughout its annual 
course, which causes the return of spring and summer, autumn and winter. 
Thus the diurnal motion gives us the grateful vicissitude of day and night; 
and the annual motion, the regular succession of the seasons. (See Plate 
VI. Figure 2.) 

The earth is attended by a satellite called the Moon, whose diameter is 
about 2160 miles, her mean distance from the centre of the earth above 
237,000 miles; she goes round her orbit in 27 days 8 hours, revolving 
round her axis in the same time; but the interval between each new moon 
is 293 days; the former of these periods is termed a periodic month, and 
the latter a synodic month, or lunation. 

As the moon, like the other planets, is an opaque body, and borrows her 
light from the sun, only one hemisphere is enlightened by the solar rays : 
hence she puts on various appearances, called phases, during her monthly 
course round the earth, as her illuminated side is more or less turned towards 
us: when she is in the same part of the heavens as the sun, her dark side 
being turned towards us, she is invisible, and this part of her period is 
called the change, or time of new moon ; in a few days after, as she advances 
to the eastward of the sun, we see a small part of her enlightened face, and 
she assumes a horned appearance, the cusps or points being turned from 
the sun towards the east. When she has advanced 90° to the eastward of 
the sun, we then see half her illuminated face, and she is then said to be in 
her first quarter ; as she proceeds on her journey, more of her enlightened 
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side becomes visible, and she appears of an oval or gibbous form. At 
length, when she is in opposition to the sun, she presents to us the whole 
of her enlightened face, and this is called the time of full moon. In per- 
forming the other half of her revolution, she wanes, and exposes less and 
less of her enlightened side, till she entirely disappears, and comes again 
in conjunction with the sun. (See Plate VII. Figure 1.) 

When the moon, at the time of conjunction, is directly between the sun 
and the earth, she will intercept a part of the sun’s rays, and thence cause 
an eclipse of the-sun ; and when, in opposition, the earth is directly between 
her and the sun, she will pass through the shadow of the earth, and cause 
an eclipse of the moon. ‘These eclipses would happen every revolution of 
the moon round the earth, if their orbits were in the same plane; but the 
moon’s orbit is inclined to the earth’s in an angle of about 5 degrees, crossing 
it in two opposite points, called the moon’s nodes; hence eclipses of the 
sun and moon can happen only when the moon is in or near one of the 
nodes, she being, at all other times, above or below the plane of the earth’s 
orbit. (See Plate VII. Figure 2.) 

Mars is the least bright and elegant of all the planets, being of a dull 
red or fiery colour, supposed to arise from the density of his atmosphere ; 
his diameter is 4100 miles; his distance from the sun 142 millions of miles; 
his periodic revolution is performed in about 687 days; and he revolves 
round his axis in 24 hours 40 minutes. 

Mars, as well as all the other superior planets, is not subject to the same 
limitations in his apparent motion as Mercury or Venus, but appears some- 
times near the sun, and at other times in opposition to him. 

Vesra was discovered by Dr. Olbers, of Bremen, on the 29th of March, 
1807; its distance from the sun is about 2254 millions of miles, and the 
length of its year, 3 years, 240 days, 5 hours. This planet appears like 
a star of the 5th magnitude. 

JuNO was discovered by Mr. Harding, of Lilienthal. in the Duchy of 
Bremen, on the 1st of September, 1804. It appears like a star of the Sth 
magnitude ; is distant from the sun about 253 millions of miles, and per- 
forms its revolution in 4 years, 131 days. 

Priazzi, or CERES, was discovered by M. Piazzi, the Astronomer Royal, 
at Palermo, in Sicily, on the Ist of January, 180]. Its periodic revolution 
is 4 years, 221 days, 13 hours; its diameter, as computed by Dr. Herschel. 
is about 162 miles, and its distance from the sun about 263 millions of 
miles. Ceres appears no larger than a star of the Sth magnitude, and 
therefore cannot be seen with the naked eye. 

Pa tas was discovered by Dr. Olbers, at Bremen, on the 28th of March, 


1802 ; it is distant from the syn near 263 millions of miles, and performs’ 


its revolution round it in 4 years, 221 days, 17 hours. Pallas appears like 
a star of the 7th magnitude, and its diameter is about 110 miles*. 
JupiIteER is the largest of all the planets, and is easily distinguished by 
his peculiar magnitude and light. His diameter is nearly $0,C00 miles; his 
distance from the sun above 485 millions of miles; and he performs his 


* Vesta, Juno, Ceres, and Pallas are called Asteroids, 
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eriodic revolution in 43323 days, or nearly 12 years. Jupiter completes 
Be diurnal revolution in 9 hours and 56 minutes. 

This planet is attended by four satellites, invisible to the naked eye, but 
through a telescope they make a beautiful appearance. In speaking of them, 
we distinguish them according to their places, into the first, the second, Xc. 
The eclipses of these are of considerable use in determining the longitude 
of places on the earth. In viewing Jupiter through a telescope, we find 
several streaks or lines over his equatorial parts, which are called his be/ds : 
_ these are supposed to arise from the swiftness of his diurnal motion, which 
draws his clouds and vapours into those forms. 

SATURN was reckoned the most remote planet of our system, before the 
discovery of the planet Herschel, now called Uranus. He shines but with 
a pale and feeble light ; his diameter is about 76068 miles; his distance 
from the sun above 890 millions of miles, and his periodic revolution in his 
orbit is performed in about 29 years, 167 days. Saturn revolves round 
his axis in 10 hours, 29 minutes, and is attended by seven satellites. 

This planet is surrounded by a large, broad, double, and luminous ring, 
at a distance from it equal to the breadth of thering. ‘This phenomenon is 
quite different from all others in the planetary system, and appears intended 

to increase the quantity of light received frem the sun,’ which, on account 
of the vast distance of tne pianet, must be very small. 

URanvs, or, as it is sometimes called, the Grorcium Sipus, was dis- 
covered on March the 12th, 1781, by Dr. Herschel; though there are many 
reasons to suppose it had been seen before, but had been considered as a 
fixed star. Its diameter is about 35112 miles; its distance from the sun 
upwards of 1800 millions of miles, and its periodic revolution in its orbit is 
performed in 83 years and 52 days. ‘This planet is attended by six 
satellites, which were likewise discovered. by Dr. Herschel. 

The number of Comets that has been recorded in history is very 
great, amounting to several hundreds. One of the most remarkable of these 
erratic bodies is that which appeared in the years 1531, 1607, and 1682, 
and was predicted by the celebrated Dr. Halley to reappear in the year 
1759, which it actually did ; passing its perihelion, or nearest distance from 
the sun, on the 12th of March in that year, its periodical revolution being — 
made in about 76 years. 'I‘he next return of this comet to its perihelion was 

- again computed by M. De Pontécoulant, a French astronomei, to take place 
on the 7th of November, 1835.* 
OF THE SPHERE. 


Although the celestial bodies are placed at different distances from the 
earth, as we have just seen, yet an observer living upon the earth, is not 
naturally sensible thereof, but imagines them all to be situate in one con- 
cave surface, of which the earth is the centre. 

Likewise, though in reality the cause of day and night is the rotation ot 
the earth round its own axis; and of the seasons, its motion through its own 
orbit in a year; yet to a spectator on the earth these appear to be effected 
by the motion of the sun or heavens. 


* It appeared within a few days of the time determined ; and is predicted to reappear on 
the Ist day of July, 19) 1. U 
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And as, in most astronomical problems, it is the apparent or relative 
motions only that we have to determine, therefore, for the ease of calculation, 
and since it amounts to the same thing whichsoever way these appearances 
are effected, astronomers consider it more convenient to suppose all celestial 
objects placed in one concave sphere, as above, and to ascribe to them all 
the motions which they seem to have, while the earth is considered as being 
at rest in the centre. 

In order to point out the positions of the heavenly bodies in the celestial 
sphere, certain points, lines and circles are supposed to be described thereon. 

Circles upon a sphere are either great or lesser. A great circle is that whose 
plane passes through the centre of the sphere. A lesser circle is that whose 
plane does not pass through the centre of the sphere: hence all great circles 
upon a sphere divide it equally, and all lesser circles divide it unequally. 

Those two points on the surface of a sphere, which are equidistant from 
every part of the circumference of one of its great circles, are called the 
poles of that great circle. 

If we imagine the axis of the earth produced to the celestial sphere, it 
is then called the avis of the heavens, and its extremities mark out two 
points in the sphere, which are called the celestial poles, or the poles of the 
world ; one is termed the north pole, and the other the south pole. It is about 
these points that all the heavenly bodies appear to have a diurnal revolution. 

The plane of the equator, in like manner produced to the heavens, forms 
a circle called the celestial equator, or equinoctial, whose poles are those 
of the world. ‘This circle divides the heavens into two equal parts, called 
the northern and southern hemispheres. 

Any celestial body situated in the equinoctial will appear to describe a great 
circle in the heavens; and those bodies which are situated north or south of it, 
will describe small circles, those stars situated at either pole will appear at rest. 

The circle which bounds the view of a spectator, at sea, or on an open 
plain, is termed the apparent, or visible horizon; a circle whose plane 

asses through the eye of an observer, perpendicular to a plumb-line hang- 
ing freely, is called the sensible horizon; anda circle parallel to this, passing 
through the centre of the earth, is the rational horizon : these two circles 
in the sphere of the fixed stars may be considered as one and the same * 

The zenith of a place is that point in the heavens immediately above 
the place, and the nadir is that point immediately under it. Hence the 
zenith and nadir are the poles of the rational horizon. 

Aximuth or vertical circles, are great circles passing through the zenith 
and nadir, and therefore intersect the horizon at right angles. ‘UVhat vertical 
circle which passes through the east and west points of the horizon, is called 
the prime vertical. 

Celestial meridians, or circles of right ascension, are great circles 
passing through the poles of the world, and cutting the equinoctial at right 
angles. ‘Twenty-four of these circles which divide the equinoctial into 
equal parts, each containing 15 degrees, are called hour circles. 


* For the division of the horizon into points, &c., see the Mariner’s Compass, opposite 
page 62. 
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The meridian of a place on the celestial sphere is that vertical circle 
which passes through the poles, crosses the equinoctial at right angles, and 
intersects the horizon at the north and south points. ‘This circle is the 
terrestrial meridian of a place extended to the heavens: it divides the 
heavens into two hemispheres, termed the eastern and western. When 
the sun is upon the meridian of a place above the horizon, it is noon; and 
under the horizon, it is midnight. On this circle the latitude of a place is 
reckoned, being always equal to the elevation of the pole above the horizon, 
or to the distance of the zenith from the equinoctial. 

The altitude of a celestial object is an arch of a vertical circle inter- 
cepted between the centre of the object and the horizon. 

The zenith distance is an arch of a vertical circle contained between 
the object and the zenith. When the object is on the meridian, its altitude, 
or zenith distance, is called the meridian altitude or meridian zenith 
distance. 

The azimuth is an arch of the horizon, contained between the azimuth, 
or vertical circle, passing through the centre of the object, and the meridian 
of the place. 

The amplitude is an arch of the horizon, contained between the centre 
of the object, when rising or setting, and the east or west points of the 
horizon. 

The ecliptic is that great circle in the heavens which the sun appears to 
describe in the course of a year, ard is the orbit of the earth extended to 
the celestial sphere. It is inclined to the equinoctial, in an angle of about 
23° 28’, called the obliquity of the ecliptic, and cuts it in two points 
diametrically opposite, called the eguinoctial points. ‘Those two points 
of the ecliptic, 90 degrees distant from the equinoctial points, are called 
the solstitial points. 

The ecliptic is divided into twelve equal parts, called signs, each contain- 
ing 30 degrees: these are thus marked and named. 


RB Aries. . 7+ 4. Cancer 9% 7. Libra Pan 10. Capricornus yy 
2. Taurus & 5. Leo $2 8. Scorpio ™ 11. Aquarius 
3. Gemini 0 6. Virgo mm 9. Sagittarius 7 12. Pisces x 


The first six signs, being on the north side of the equinoctial, are termed 
northern signs; and the last six,on the south side, are called southern signs 

The two points of the ecliptic which coincide with the equinoctial, are 
the beginning of Aries and Libra; the former of these is called the vernal 
equinow, and the latter the awtumnal equinox. 

The two so.stitial points are situated at the beginning of Cancer and 
Capricorn, and are called the swmmer and winter solstices. 

‘That great circle which passes through the equinoctial points and the 
poles of the earth, is called the equwinoctial colure; and that great circle 
which passes through the solstitial points and the poles of the earth, is 
called the solstitial colure 

The sun enters the beginning of Aries about the 21st of March; he 
then moves forward in the ecliptic, and advances towards the north pole till 
he enters Cancer, which happens about the 22d of June; then, continuing 

uz 
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his motion according to the order of the signs, he apparently recedes from 
the north pole, and about the 23d of September enters Libra; still advanc- 
ing in the ecliptic, he gets nearer to the south pole till he enters Capricorn 
about the 22d of December; after which, returning to the northward through 
the last three signs, he again enters Aries, and thus completes his annual 
course. ) 

The xodiac is a space in the heavens extending about 8 degrees on each 
side of the ecliptic, like a belt or girdle, within which all the planets appear 
to perform their revolutions.* 

Circles of longitude in the celestial sphere are great circles passing 
through the poles,of the ecliptic, and therefore cut the ecliptic at right 
angles. 

The right ascension of a celestial body is an arch of the equinoctial. 
contained between the first point of Aries and that point of the equinoctial 
which is cut by a meridian passing through the object. 

The ascensional difference is an arch of the equinoctial, intercepted 
between the sun or star’s meridian and that point of the equinoctial that 
rises with the object. 

The oblique ascension or descension is the sum or difference of the right 
ascension and ascensional difference. 

The declination of an object is an arch of a meridian contained between 
the equinoctial and the centre of the object. It is called north or south 
declination, according as the object is on the north or south side of the 
equinoctial. 

The polar distance is an arch of the meridian contained between the 
centre of the object and either pole of the equinoctial. 

The latitude of any object in the heavens is an arch of a circle of celes- 
tial longitude intercepted between the object and the ecliptic, and is called 
north or south, according as the object is north or south of the ecliptic. 

The longitude of a celestial body is an arch of the ecliptic, intercepted 
between the first point of Aries and a circle of longitude passing through 
the centre of the object. 

The tropics are two lesser circles parallel to the equinoctial, at about 
23° 28’ distance from it, touching the ecliptic at the solstitial points: the 
northern tropic touches the ecliptic at the beginning of Cancer, and is thence 
called the tropic of Cancer ; the southern tropic, touching the ecliptic at 
the beginning of Capricorn, is therefore called the tropic of Capricorn. 

The polar circles are two lesser circles, about 23° 28’ distant from the 
poles of the equinoctial : that about the north pole is called the arctic circle, 
and the other the antarctic circle. 

In order to illustrate the preceding definitions, let the circle zuno 
(Plate VII. Figure 3) represent the celestial meridian, z the zenith, and 
Nn the nadir, of a place at a; ho the sensible horizon of the place, which 
may be considered as coinciding with 10, the rational horizon, the north 
and south points being o and u, and the east and west points at 1; and 
ZBN an azimuth or vertical circle, cutting the horizon in B; likewise let the 


* Excepting the newly-discovered Planets, or Asteroids—Vesta, Juno, Ceres, and P.llas. 
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line pp be the celestial axis, whose pole p is elevated above the rational 
horizon equal to the latitude of the place. Now, if v be considered as the 
place of a star in the heavens, vB will be its altitude, vz its zenith distance, 
HB its azimuth from the south, or Bo from the north. If the star be sup- 
posed to rise or set at F, the arch Fi will be its amplitude from the east or 
west; and if the star be at c, on the meridian, GH will be its meridian alti. 
tude, and Gz its meridian zenith distance. 

Again, let p p represent the celestial axis, as before; the circle zuNo, the 
solstitial colure; E@ the equinoctial, of which pp are the poles; pp pa 
circle of right ascension; © w, the ecliptic; rv its poles; kL? a circle of 
longitude; © © the tropic of Cancer; w w the tropic of Capricorn; RM 
the arctic circle ; and rm the antarctic circle. ‘Then if v be the place of a 
star, v D will be its declination ; vp or v p its polar distance; L v its latitude; 
and 11 its longitude. 


THE DIAMETER OF THE SUN, MOON, &c. 


The apparent diameter of the sun, moon, &c. is the angle under which 
they appear to an observer situated on the earth; the quantity of which 
depends upon the real magnitude of the object, and its distance from the 
observer. ‘Thus, let az (Plate VII. Figure 4) represent the real diameter 
of a distant object, the eye being at c; then the angle acB is its apparent 
diameter: now if the eye be removed further from the object, as to D, its 
apparent diameter will be the angle apz, which is evidently less than the 
angle acr; likewise if the real diameter be increased to E, its apparent . 
diameter will likewise increase, for the angle EDB is greater than the angle 
ADB. 

The sun’s apparent semidiameter is set down in Page II. of each Month 
in the Nautical Almanac, for every day ; but its mean semidiameter, which 
is 16’, is used in common practice, as it never deviates half a minute from > 
that quantity. The moon’s semidiameter varies considerably during her 
monthly revolution round the earth, and is set down for-every 12th hour in 
Page III. of each Month in the Nautical Almanac. ‘The apparent semi- 
diameter there given is the angle under which it would be seen when in the 
horizon, or from the centre of the earth; but since the moon is nearer the 
observer, by a semidiameter of the earth, when in the zenith than when in 
the horizon, and as this difference bears a sensible proportion to the moon’s 
distance from the earth’s centre,* the semidiameter given in the Almanac is 
to be increased by a quantity, called the augmentation, depending on its 
altitude, which is contained in Table VII. 

The distance of the sun from the earth being immense when compared 
with the earth's semidiameter, the augmentation of the sun’s apparent semi- 
diameter is therefore insensible. The apparent semidiameter of a planet is 
so small, that it is seldom noticed in calculations. ‘The fixed stars have no 
sensible apparent magnitude, even when viewed through the most powerful 
telescopes. 


— 


* The moon is about 60 semidiameters of the earth distant from the earth’s centre. 
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DEPRESSION OF THE HORIZON. 


The depression, or, as it is generally called, the dip of the horizon, js 
the angle contained between the sensible and apparent horizons, the angular 
point being the eye of the observer. Now as the altitudes of all celestial 
bodies observed at sea, are measured from the apparent horizor, which is 
below the sensible by a quantity depending on the height of the eye, these 
altitudes are greater when taken by a fore observation, and less when 
observed by a back observation, than they should be, by a quantity equal 
to the angle contained between the two horizons. Thus, let pac 
(Plate VII. Figure 5) represent part of the surface of the earth, and ar 
the height of the observer’s eye; then F EG will represent the sensible, 
and £ H the apparent horizons; and therefore the angle FE H will be the 
depression, or dip, of the apparent below the seusible horizon. Let m be 
an object whose altitude is to be observed by bringing its image in contact 
with the apparent horizon; then wul the angle MEH be the observed 
altitude, which is greater than the angle m E F, the altitude from the sensible . 
horizon, by the angle rEu. In the back observation the observed altitude 
is M EL, to which the angle HE F, equal to G EK, must be added, to obtain 
the altitude above the sensible horizon F E. 

The dip of the horizon is affected by terrestrial refraction, which, according 
to Dr. Maskelyne, amounts to 75 the whole angle; but several astron omers 
differ in opinion respecting the quantity. In Table V. of this Work, which 
contains the dip answering to different heights of the observer, ry is all owed 
on the whole angle. 


REFRACTION. 


The rays of light which proceed from a celestial body on entering the 
atmosphere in an oblique direction, are bent out of their rectilinear course, 
and incline more and more towards the centre of the earth as they pass 
deeper into the atmosphere, and hence enter the eye of an observer in a 
different direction from that of the object, and make it appear higher than 
its real place. ‘The difference between the real and apparent places of the 
heavenly bodies, as affected by the passage of the rays of light through the 
atmosphere, is called the refraction of the object. Let apc (Plate VII. 
Figure 6) represent the surface of the earth, on which the observer stat: ds 
at a, and p F F the surrounding atmosphere: now the rays of light wh ch 
proceed from an object at z in the zenith, falling perpendicularly on the 
atmosphere, are not refracted thereby, but continue in the same direction 
till they reach the eye of the observer. But if the rays proceed from a body 
not in the zenith, as at Rr, they fall on the atmosphere obliquely, and are 
bent or refracted into a curve inclining towards the earth’s centre at T; and 
as the observer perceives objects in the direction that the rays procee ling 
from them enter the eye, he therefore imagines the body r to be at r; the 
difference of these places, or the arch Rk 7, is the refraction of the object in 
altitude. Thus also if the rays from a star at s pass on to the eye by a 
curve-line p a, the observer judges that star to be in the direction of the 
side of this curve, terminating at the eye; that is, he conceives it to be at s, 
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in the direction s a, touching the curve at the point a, where it enters 
the eye 

The more obliquely the rays enter the atmosphere, the more they will 
be bent out of their rectilinear course, and hence the greater will be the 
refraction. The quantity of refraction likewise increases with the density 
of the atmosphere. 

From what has been said, it follows that an object at the zenith is not 
subject to refraction ; but that, as the distance from the zenith increases, 
the refraction becomes perceptible, and is proportionably greater as the 
body observed is further from the zenith, until it reaches the horizon, where 
the refraction is greatest. Also that, by the effect of refraction, the 
heavenly bodies appear more elevated above the horizon than they really 
are; and therefore the amount of refraction is to be subtracted from the 
apparent altitude of an object: in consequence of this, it likewise happens 
that the sun, stars, &c. may be actually below the horizon when they are 
seen above it; and hence they appear to rise sooner, and set later, than 
they would otherwise do. 


PARALLAX. 


We have already observed, that the sensible and rational horizons may 
be considered as coinciding, when extended to the sphere of the heavens. 
This assumption will lead us to no sensible error with respect to the stars, 
which are at such an immense distance from us, that the carth in comparison 
is, as it were, but a mere point; but with respect to the sun, moon, and 
planets, the earth’s semidiameter must be taken into consideration, in 
deducing our conclusions from observations made upon those bodies. 

The situation of a celestial body, when viewed from the surface of the 
earth, is called its apparent place; and that part of the heavens where it 
would be seen, if observed at the same time from the centre of the earth, is 
called its true place. ‘The difference between the true and apparent places 
is termed the parallaw of the object. 

In, order to illustrate the nature of parallax, let a uw (Plate VII. 
Figure 7) represent the earth, a the place of an observer on its surface, 
whose sensible horizon is 0, rational horizon uo, and zenith at z; also 
let s c be part of a vertical circle, whose radius is the distance of the moon 
from the earth’s centre; P g part of a vertical circle, whose radius is the 
distance of a planet from the earth’s centre, and zo a vertical circle in the 
sphere of the stars. Now, toa spectator at a, if the moon appear in R, its 
apparent place in the heavens will be at a; but if viewed from the centre 
T, its true place will be at the point 3s: the difference of these places, 
measured by the arch a B, is its parallaw in altitude 

But if the moon be in the sensible horizon at c, its apparent place will 
be at o, and its true place at p; the arch o p is called its horizontal 
parallax. Moreover, if g be the place of a planet in the horizon, the arch 
od will be its horizontal parallax ; and if its place be at 7, the arch a6 will 
be its parallax in altitude. 

The parallax of an object is greatest at the horizon, and gra lually 
diminishes as the body rises above the horizon, until it comes to the zenith, 
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where the parallax vanishes. ‘Thus 0 pn and od, the horizontal parallaxes 
of c and g, are greater than a B or a b, the parallaxes of r andr; and the 
objects at s or Pp, seen from a or T, will appear in the same place z, or the 
zenith. ‘The parallaxes of different objects are less or greater, as those 
objects are more or less distant from the earth. ‘Thus the parallax 0 p of 
the moon «, is greater than the parallax od of the planet g. It is likewise 
evident from the Figure, that the altitude of an object seen from the earth's 
surface, is less than it would be if seen from the centre; hence the parallax 
is to be added to the apparent altitude, in order to obtain the true altitude 

The moon’s parallax is greater than that of the other heavenly bodies, 
owing to its being nearer the earth ; at the horizon it varies from about 
61’ 32” to 53’ 52”, and is set down in Page III. of each Month in the 
Nautical Almanac. ‘The sun’s mean horizontal parallax is 83”; that of 
the planets is variable, according to their distance from us in the different 
parts of their orbits. 
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Time is a part of duration, and is measured by the motions of the 
heavenly bodies. It is divided into years, months, days, hours, &c. 

A day is the interval between two successive transits of the sun, moon, 
or a star; and is denominated either a solar, lunar, or sidereal day, 
according to the name of that body to which it is referred. 

A sidereal day is the interval between the transit of a star over a 
meridian, and its return to the same}; and since the revolution of the earth 
on its axis is always performed in the same portion of time, the sidereal days 
will be of equal length. ‘The day is divided into 24 sidereal hours, and these 
again are subdivided into sidereal minutes and seconds. The sidereal day 
commences when the first point of Aries passes the meridian, and continues 
until its return to the same. This mode of reckoning is used by Astronomers 
in their observatories, where there is generally a clock pointing out sidereal 
time, by which they ascertain the right ascensions of the heavenly bodies, as 
they pass the meridian of the place. 

A solar or apparent day is the interval between the sun’s departure 
from, and return to the same meridian. It is divided into 24 solar hours, and 
these again are subdivided into minutes and seconds: any portion of this 
day is called true apparent or solar time, and is that which is shewn by a 
sun-dial. 

The length of the solar day being subject to continual variations on 
account of the eccentricity of the earth’s orbit, and the obliquity of the 
ecliptic to the equinoctial, Astronomers, with the view of obtaining a 
convenient and uniform measure of time, have recourse to what they call a 
mean solar day, the length of which is equal to the mean, or average, of all 
the apparent solar days in a year, such as would be shewn by the sun if it 
moved always uniformly in the equinoctial: a clock, or chronometer, thus set, 
is said to be adjusted to meen time. 
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A mean solar day is longer than a sidereal one; for as the sun, in its 
apparent annual motion, advances in the ecliptic nearly a degree eastward 
every day, it will take more time than a fixed star to return to the same 
meridian ; the mean solar day exceeding the sidereal day by 3m. 56. 55s 
of sidereal time.* 

Since we can obtain only apparent time immediately from observations of 
the heavenly bodies, we must, in order to reduce this to mean time, apply a 
correction, called the equation of time, taken from Page I. of the given month 
in the Nautical Almanac, and applied as directed at the head of its column; 
but should we have occasion to reduce mean time to apparent time, then 
the equation is to be taken from Page II. of the Nautical Almanac, and 
applied as directed in that page. 

Suppose, for example, it were required to find the time that should he 
shewn by a clock or chronometer, keeping mean time, on March Ist, 1866, 
at 3 hours after the sun has passed the meridian of Greenwich, that is, 
at 3 hours of apparent time, or what is generally called 3h. P.M. 

In Page I. for the month of March in the Nautical Almanac, the equation 
of time, on the first day, is 12m.34s.63 at apparent noon, and the change 
in one hour, as shewn in the following column, is 0s.501.; this multiplied 
by 3, the number of hours since noon, gives ('s.503 + which being subtracted 
from 12m. 348.63, because the equation is decreasing, leaves 12m. 358.13 
for the reduced equation: now, add this quantity to 3 hours, the apparent 
time, as indicated at the top of the column, and the sum 8h. 12m. 338.13 
is the mean time which ought to be shewn by the chronometer when the 
solar or apparent time is 3 hours past noon on March Ist, at the meridian 
of Greenwich. . - 

On the contrary, if on the same day, at 3 hours of Greenwich mea 
time, we required the corresponding apparent time, then 12m. 34s,74., the 
equation of time, taken from Page II. of the Nautical Almanac, and 
reduced as above, is to be subtracted from the mean time, 3 hours, and 
the remainder 2h. 47m. 26s.76 will be the corresponding apparent time 
at Greenwich. 

Again, suppose it were required to find the mean time, on April 15th, 
1866, corresponding to 10h. 8m. 30s. apparent time at Greenwich. 
Now, in this case the equation of time on the preceding apparent noon 
is, by Page I. of the month in the Nautical Almanac, Om. 28.03 additive 
to the apparent time; but on the following noon it is Om. 12s.60 subtractive; 
for the equation first decreases to 0, and then increases; consequently 
the sum of the two equations, 14s.63, is the amount of the change in 24 
hours; the difference for one hour, 0.617, multiplied by 10, the hours since 
noon at Greenwich, will give the product 6.17s., which being greater than 
2s.03., the equation at the preceding noon, the latter is to be subtracted 
from it, and the remainder 4s.14, will be the reduced equation of time, to 
be subtracted from 10h. 8m, 30s, the given apparent time at Greenwich, 

* A sidereal day is equivalent to 23h. 56m. 4.09s. of mean time; and a mean solar day 
contains 24h. 3m. 56. 55s. of sidereal time. 

+ The correction for the daily change or variation of the equation of time, may be found 
sufficiently exact for the most practical purposes by Table LI. See the Explanation of 
that Table. 
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(according to the precept at the head of the column) ; and the remainder 
10h. 8m. 25s.86;, will be the corresponding mean time at Greenwich. 

A lunar day isthe interval between the moon’s passing a meridian and 
return tothe same, its length being about 24h. 49m. of solar time: but 
the moon’s motion in the heavens being very irregular, the lunar day is 
never employed as a measure of time. 

Tere are three different modes of reckoning time with respect to the 
commencement of the day; these are denominated civil, astronomical, 
and nautical. 

The civil day, which is that used by the generality of mankind, begins 
at midnight, and ends at the midnight following : it is divided into two parts 
of 12 hours each ; the first are marked A. M., signifying ante meridiem, or 
before noon; and the latter twelve are marked P.M., signifying post 
meridiem, or afternoon. 

The astronomical day commences twelve hours after the civil day, that 
is, at noon, and concludes at the following noon: it is generally reckoned 
through the 24 hours, from noon to noon; and what are by the civil, or 
common way of reckoning, called morning hours, are by Astronomers reckoned 
in succession from 12, or midnight, to 24 hours: for instance, 9 o'clock in 
the morning, July 3d, civil time, is July 2d at 21 hours astronomical time. 

It thus appears that, from noon to midnight, the day of the month, and 
the hour of the day, are the same by both methods of reckoning; but from 
midnight to noon they differ; for at midnight, when the new civil day 
begins, the astronomical day of the same date will not commence till 
12 hours after. 

The nautical or sea day begins at noon, or 12 hours before the civil 
day, and ends at noon of the civil day; it is divided into two parts of 
12 hours each, the former being marked P.M , and the latter A.M. This 
mode of reckoning arises from the custom of seamen dating their log for 
the preceding 24 hours, the same as the civil day ; so that occurrences 
which happen, for instance, on Monday, 2lst, afternoon, are entered in 
the log marked Tuesday, 22d. Hence the noon of the civil day, the 
beginning of the astronomical day, and the end of the nautical day, take 
place at the same moment. 

Ships in the Royal Navy, and some merchantmen, date their log accord- 
ing to the civil mode of reckoning, calling the first 12 hours A. M., and 
the latter P. M., but make up the day’s work as usual, from noon to noon, or 
at the middle of the civil day. 

All the computations in the Nautical’ Almanac being made for astro- 
nomical time at the meridian of Greenwich, (the days commencing either 
at apparent or mean noon, as expressed at the top of the several pages), it 
will be necessary, before the quantities are reduced to the time of observation, 
to ascertain the corresponding time at Greenwich when the observation is 
taken. Now, by the diurnal revolution of the earth round its axis from 
West to East, all the heavenly bodies appear to move in a contrary 
direction, that is, from East to West, over 360° of longitude in 24 hours, 
which is at the rate of 15 degrees in one hour of time; consequently, at 
any place situated 15 degrees to the eastward of the meridian of Greenwich, 
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it will be noon at that place one hour before it is noon at Greenwich; 
but if the place be in 15 degrees of West longitude, it will be noon 
there one hour after it is noon at Greenwich, and in the same proportion 
for any other given longitude: hence we have the following rule for ascer- 
taining the time at Greenwich corresponding to any given time under 
another meridian. 

’ Rue. Reduce the given longitude into time by Table XIX., and add 
It to the astronomical time at the given place, if the longitude be West ; but 
subtract it, if East; and the sum or remainder will be the corresponding 
Greenwich time. 

In East longitude, when the longitude in time exceeds the time under 
the given meridian, add 24 hours to the latter, and subtract as before; 
then the remainder will be the time past noon of the preceding day. 

In West longitude, when the sum of the longitude in time, and the time 
under the given meridian, exceeds 24 hours, take 24 hours from it, and 
the remainder will be the time past noon of the following day. 


EXAMPLE I. 


What will be the time at Greenwich, on October 5th, when it is 6 hours 
past noon, in longitude 45°30’ West ? 


h. m 

Time under the given Meridian ......sscsecseceecseeseeeees cevesccoees 6 0 
Longitude in time (XIX.) 2.2... .cccccccsecscccccscecceseocsccssccccce - 3 2 West 

_ Corresponding time under the meridian of Greenwich........... 9.2 


EXAMPLE II. 


Required the time at Greenwieh, corresponding to July Qlst, at 
9h. 42m. 30s. A. M. (civil time), in longitude 76° 19’ East. 


h. m. s. 
Astronomical time under the given meridian, July 20th ... 21 42 30 
Longitude in time (XIX.)......cccccesecserseeseseere 00 sesceee core 5 5 16 East. 


Astronomical time at Greenwich, July 20th ...c.ccccccsssseee 16 37 14 


EXAMPLE III. 


February 15th, being in longitude 115° 36’ E., an observation was taken 
at 2h.48m. 26s. P. M.; required the corresponding Greenwich time. 


|e ay 
Time of Observation at Ship, February 15th......ccceccsesees F 48 26 
Ditto after noon, February 14th .....-.scseseees Palasabeosdcaeeden oUt athe 
Longitude in time (XIX.) See seePeereseere SOoereSeSessesseoroereos 7 42 24 East. 


Greenwich time, February 14th ...... coveevees csvccvenseccen oo 19 6 2 
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EXAMPLE IV. 


March 2st, at 6h. 46m. 17s. A. M. (civil time), in longitude 130° 40” 
West: required the corresponding astronomical time at Greenwich. 


em; ‘s 
Astronomical time under the given meridian, March 20th. 18 46 17 
Longitude in time (XIX.).......scccesees dined copeinere dncceegse tices 


Astronomical time at Greenwich, since noon, March 20th... 27 28 57 
24 


Ditto at, Greenwich, March’ 21 st:....sesessodsesescscecsccbanpeces 5a 20 OE 


EXAMPLE V. 


November 12th, 1866, in longitude 49°17 W., at 4h. 46m. 17s. P. M, 
apparent time; required the mean time at Greenwich. 


h.m. s. 
Apparent time, in longitude 49° 17’ W......ccoccccscesescseess 4 46 17 
Longitude in time (XIX.).......04. pioldtdcl dovoderancicnnceseeetad 317 3 Ww 
Apparent time at Greenwich ........scccccsccsseccescsccece score | 8. 3 2B 
Reduced equation of time (Page I. Naut. AIM.) cercccecceee — 15 40 
Mean time at Greenwich ........ Ccecceccasocs see accece ccsecssecoes f 44 40 


WINDS. 


= & FS ——_ 


THE air, or atmosphere, which encompasses our terraqueous g1o0e, anc 
extends several miles above its surface, is by its elasticity capable of 
being expanded, or of spreading itself so as to fill up a larger space than it 
before occupied, and of being condensed or compressed into a less space. 
The principal causes in producing these effects are heat and cold; the former 
rarefying or expanding, and the latter condensing or compressing the air 
when, therefore, any portion of it becomes heated, the cooler or denser air 
from the neighbouring parts will acquire a motion towards the thinner, in 
order to restore the equilibrium, and thereby occasion ,those currents of air 
which are called Winds. 

Although various causes may contribute to produce this inequality in 
the density of the atmosphere, yet the most general and permanent is the 
influence of the sun’s rays, by which the air in the regions about the equator 
being heated to a greater degree, and consequently more rarefied than that 
which is nearer to either Poles, the more ponderous or dense air will have 
a motion from the north and south, in order to preserve the equilibrium ; 
but as the sun is continually shifting to the westward, that part towards 
which the air tends, by reason of ‘the rarefaction, is with him carried 
westward, and consequently the teadency of the whole body of air is that 


WINDS. 15% 


way , hence a general easterly wind is formed, which being impressed upon 
all the air of a vast ocean, the parts impel one another, and so keep moving 
till the next return of the sun, by which so much of the motion as was lost, 
is again restored, and thus the easterly wind is made perpetual: the 
combination of these two currents of air acting at the same time, will 
produce a north-easterly wind in the northern hemisphere, and a south- 
easterly wind in the southern hemisphere. 

If the whole surface of the globe were sea, these winds would constantly 
blow quite round the world without interruption; but as water is of a more 
even temperature than land, the latter will sometimes be hotter and some- 
times cooler than the former, rarefying 01 condensing to a greater degree 
the air immediately above, whereby the air wiJl be put in motion, the denser 
towards the lighter, in order to restore the equilibrium: hence when a 
considerable body of land intervenes, particularly in the tropical regions, 
new points of rarefaction and condensation take place, sufficiently powerful 
to counteract the former more remote, and therefore more feeble cause; for 
it is to be observed, that the atmosphere derives a greater portion of its heat, 
near the surface, from its communication with land and water, than from 
the direct influence of the sun. 

Partial and temporary winds are likewise frequently produced by thunder- 
storms, or other electrical phenomena. ‘The rays of the sun are also 
sometimes obstructed by clouds, or mists in particular places; and one 
part of the world, or even of a particular country, will consequently be 
less heated than another: in that case there will always be a current of air 
from the cold to the warm region. Besides this, the falling of rain, or 
other circumstances, produce occasional alterations in the temperature of 
the air; and whenever these take place in any country, they must be 
attended with wind. 

In those parts of the Atlantic and Pacific Oceans which are remote from 
the influence of the land, between the limits of about 28 or 30 degrees of 
north and south latitude, there is a constant easterly wind, the cause of 
which. we have already assigned in the preceding observations. On the 
north side of the equator the wind blows from between the north and the 
east, and on the south side from between the south and the east, inclining 
more to the north and south as they are further from the equator: these 
winds are denominated the N. E. and 8. E. trade winds. 

But we are not to conclude that the above limits are without exception; 
for both their direction and extent vary much with the season of the year. 
When the sun approaches the tropic of Cancer, the S. E. trade-wind prevails 
further to the northward of the line, inclining more to the south than the _ 
east, and the N. E. trade-wind more to the eastward ; on the contrary, when 
he is in Capricorn, the N. E. trade-wind extends more to the southward of 
the equator, but inclining more to the northward, and the S. E. veers a little 
more to the eastward. 

The S. E. trade-wind generally extends as far as 5 or 6 degrees to the 
northward of the line, and sometimes even to 7 degrees, according to the 
seasons: sometimes the N. E. and S. E. trade-winds almost meet each 
other, leaving very little space between them; and at other times there will 
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be an interval of several degrees subject to calms, squalls, thunder, light. 
ning, and heavy rains. It has likewise been remarked, that between the 
trades, the wind frequently prevails from the S. W. quarter. 

The trade-winds extend to higher degrees of latitude on the coasts of 
North and South America than on the coast of Africa, sometimes as far as 
32 degrees on the North American coast, and to the same latitude south 
on the coast of Brazil; though they seldom exceed 28 degrees on the African 
side to the northward of the Cape of Good Hope. 

Beyond the limits of the trade-winds, in both the northern and southern 
hemispheres, the winds are variable, but for the most part prevailing from 
the westward, or W. S. W. in the northern, and from the W. N. W. in the 
southern latitudes: these winds often extend to the Tropics, and sometimes 
even as far as the 20th degree of latitude. 

The probable cause of the trade-wiuds thus changing to the opposite 
direction appears to be, that the rarefied air within the tropical regions 
being pressed upon by that which is cooler or denser, coming from the 
northward or southward, ascends to the upper part of the atmosphere, 
where the reflected rays of the sun has less influence, dispersing itself in 
order to maintain an equilibrium, and forming a contrary current at the 
commencement of the temperate zone, which produces the above-mentioned 
winds. But the above observation must be confined to particular seasons, 
within certain limits, and not be considered as invariably the case; for even 
in the South Atlantic Ocean, in those same parallels of latitude, the winds 
are light and variable, coming often from the S. E., and veering almost to 
every point of the compass. 

The N. E. trade-wind in the Atlantic Ocean blows in a regular fresh 
gale at about 100 leagues from the coast of Africa; and it is remarked 
that, as ships approach nearer to the West Indies, this wind generally 
comes nearer to the east, so as seldom to deviate more than a point either 
to the northward or southward. : 

On the coast of Brazil the S. E. trade-wind is subject to periodical 
shiftings, according to the respective seasons: it blows there from N. E. to 
ki. N. E. between September and March, and from S.S.E. to E.S. E 
from March to September. 

On the African coast, from Cape Blanco to Sierra Leone, the winds 
(excepting always land-breezes and storms) blow from the north, inclining 
rather from the westward than from the eastward. From Sierra Leone to 
Cape Palmas the ordinary course of the winds is from W.N. W., and 
beyond Cape Palmas, as far down as about 28 degrees of south latitude. 
from S. W. to South, inclining more to the southward or westward, according 
to the particular situation or bearing of the shores and lands. 

The reason of these dispositions of the trade-winds towards the land will 
appear obvious, from the general principles already laid down, when we 
consider the nature of the coasts, and their situation with regard to the sun. 
The vast Continent of Africa, for instance, being violently heated by the 
sun, especially those parts near the equator, the incumbent air will be 
exceedingly rarefied; and the sea being much cooler than the land, the 
current of air must almost constantly come from the westward, to restore 
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the equilibrium ; and it is to be observed, that the winds on the coast of 
Guinea actually acquire this direction towards the shore within 80 or 100 
leagues, getting first more towards the south, then becoming full south, and 
afterwards shifting to the westward of the south. This part of the ocean 


‘Is consequently much troubled with frequent calms, and with sudden and 


violent gusts of wind, known by the name of T'ornadoes, which blow from 
all parts of the horizon. 

In the Gulf of Guinea there is a periodical wind, called the Harmattan, | 
which blows in a N. E. direction from the interior parts of Africa. The 
season in which it prevails, is during the months of December, January, 
and February ; it comes on indiscriminately at any hour of the day, at any 
time of the tide, or at any period of the moon; and continues sometimes 
only a day or two, sometimes five or six days, and it has been known to 
last fiftecen or sixteen days. ‘There are generally three or four returns of 
it every season: it blows with a moderate force, but not quite so strong as 
the sea-breeze. It has been further observed, that between the 4th and 
10th degree of north latitude, and between the longitude of Cape Verd 
and the easternmost of the Cape Verd Islands, there is a tract of sea which 
seems to be condemned to perpetual calms, attended with terrible thunders 
and lightnings, accompanied with such frequent rains, that this part of the 
sea is called the rains. ‘This appears to originate from the same cause as 
those we have already stated; for this tract being placed in the middle, 
between the westerly winds blowing on the coast, and the easterly trade- 
wind blowing to the westward of it, the tendency of the air is here indifferent 
to either, and therefore keeps its place, and makes a calm; and the weight 
of the incumbent atmosphere being diminished by the continual contrary 
winds blowing from hence, is the reason that the air is not able to support 
the vapours plentifully raised here by the heat, but lets it fall in frequent 
and copious showers. 

All these circumstances duly considered will account for those circuitous 
passages which ships make in sailing from one distant port to another in 
the Atlantic Ocean, and for the difticulty they meet with in sailing to the 
southward, especially in the months of July and August, when the S. E. 
trade-winds usually extend to 7 or 8 degrees north of the equator, and not 
unfrequently vary so much as to blow from the south, and even a point or 


two to the west of the south; for in this case every mile that is then 


obtained, must -be in the face of a constant trade-wind, directly opposing the 
track of the ship, and by an infinite degree of trouble, and constantly 
plying to windward. For if, on the one hand, a ship steers W.S.W., and 
gets the trade-wind more towards the east, she will be in danger of falling 
in too soon with the coast and shoals of Brazil; and if she steers E.S. E., 
she must fall in with the coast of Guinea, and cannot extricate herself from 
that situation but by running down east to the Island of St.Thomas ; it is 
for this reason that India ships, both outward and homeward bound, pass 
the equator in the Atlantic between the longitudes of 18° and 23° West: by 
Keeping this course, they never fall in with the coast of America, either 
going to the Cape of Good Hope, or returning from it, and at the same 
time they avoid the calms on the coast of Africa. ; 
These circumstances likewise point out the only possible course for ships 
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to sail from the coast of Guinea for urope; and that is, to steer away 
S.S E. or South, and with these courses to run off the shore, while the 
wind becomes more and more contrary. Though ships, when near the 
shore, can lie south on this coast, yet when they get more distant, they can 
only make good a S. E. course, and as they get further out. they will only 
make good an E.S.E. course; but they can generally make the Island of 
St. Thomas, or Cape Lopez, with these directions when they will find the 
winds to the eastward of the south. ‘They thenset off westerly from the 
coast, and run on till they come to 4 degrees south latitude, by which time 
they will find a constant trade-wind from the S. E. 

On account of these general winds, ships bound from England, or other 

parts of Europe, to the West India Islands, or to the southern parts of the 
coast of North America, even as far to the northward as Virginia, consider 
it as most advantageous to get to the southward as soon as possible; for on 
their reaching the latitude of 30 degrees, or thereabouts, where they get 
within the influence of the trade-winds, they can depend on having a steady 
gale from the eastward, so as to enable them to run before the wind. For 
the same reason, all ships returning from the West Indies, or the contiguous 
part of the coast of North America, endeavour to run up to 30 degrees 
north latitude, or even further north, where they first find the wind begins 
to be variable, so as to enable them to make to the eastward. Indeed, the 
most general and prevailing wind, without the northern limits of the trade- 
wind in the Atlantic Ocean, is between the south and west, and therefore 
fair for bringing ships to Europe. . 
* Again, ships bound to India from America run to the eastward in the 
variable winds, so as to be in the longitude of 35 or 38 degrees West when 
in the latitude of 30 degrees North; thence they steer south-easterly towards 
the Cape Verd Islands, passing two or three degrees to the westward of 
them. Being then in the general track of the European Indiamen, they 
steer south-easterly, to cross the equator between the longitude of 18 
and 23 degrees West, where meeting the S. E. trade-wind, they must brace 
up, and sail upon a wind till they get so far to the southward as to meet 
with the variable winds, when they may steer to the eastward. 

Between the parallels of 28 and 40 degrees of south latitude in the Indian 
Ocean, as we have already observed is the case in the South Atlantic, the 
wind is variable, but most frequently blows between the N. W. and S. W.; 
it is on this account that outward-bound East India ships generally run 
down their easting on the parallel of 36 degrees South. 

From the latitude of 28 degrees South to the equator, the S. E. trade-wind 
blows constantly without any considerable interruption in the Indian Ocean, 
as in the Pacific and Atlantic, between some few degrees to the eastward 
of Madagascar, as far nearly as the Island of Java; but in the other parts 
of the Indian Ocean, and in the adjoining seas, the winds divide the year 
into two seasons, or monsoons*, blowing certain months in one direction, 
and the rest of the year in the opposite. 

In the Mozambique Channel, between the Island of Madagascar and the 
coast of Africa, the monsoons prevail alternately; the S.W. begins ir 


* The word mensoon is derived from the Persian word mousum, which signifies season, 
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April, and continues till November: the N.E. then succeeds, and continues 
until April; but the S. W. monsoon in this channel is the fair season, and 
the wind sometimes varies towards the S.E. and E.S.E. on either coast, 
about the middle of November, where also there are in general regular 
land and sea breezes. ‘The N.E. monsoon begins near the Comoro Islands 
and the north of Madagascar, but seldom extends beyond St. Augustine’s 
Bay to the southward, towards which it commences only at the end of 
November. 

To the north of the equator, in the whole extent of the seas comprisec 
between the eastern coast of Africa, and the meridian which passes through 
the western part of Japan, the monsoons blow from the S. W. between the 
middle of April and the middle of October, and from the N. E. during the 
rest of the year, excepting only the Red Sea and the Gulf of Persia, 
which have particular winds; to which we might also add the Straits of 
Malacca, where the winds are generally shifting, and in which the mon- 
soons do not blow for a long time. 

In the Red Sea the winds blow almost nine months of the year from the 
southward, that is, from the end of August to the middle of May, and 
sometimes to the end of that month, when the wind changes to the North 
and N.N.W., and generally continues in that quarter to the end of August; 
but sometimes the land and sea breezes prevail. 

In the Gulf of Persia the N.W. wind blows most part of the year, 
November, December, and January, being the only months when southerly 
winds are certain. These winds, however, are not so regular as those in the 
Red Sea, being often interrupted by fresh gales from the S.W., principally 
from Cape Mussendom, and sometimes by land-breezes. ' 

In the Gulf of Siam, on the Coasts of Cambodia or Camboge, Cochm 
China, the Gulf of Tonquin, and China, the S.W. monsoon commences 
near the coast in the course of the month of April; but out at sea, in those 
parts, it does not change till a month later. It is for this reason that on 
the north part of Borneo, to the Islands of Palawan and Luconia, it is 
seldom known to blow constantly, but from the Ist to the 15th or 20th of 
May. As the S.W. monsoon continues only about six months, and — 
commences near the coast, it there ceases first likewise, in the same manner, 
and is immediately succeeded by the N.E. monsoon. ‘The winds in the 
_ China Seas are not so regular as in the Arabian Sea, and are frequently 

“interrupted by violent and dangerous tyfoons.* ‘These tyfoons are of the 
same nature with the hurricanes in the West Indies, both of which appear 
to arise from violent and sudden changes in the upper and lower regions 01 
the air; and it has been remarked that they happen, for the most part, 
about the autumnal equinox, and are always preceded by calms and hot 
weather. 

In that part of the Indian Ocean adjoining to New Holland, between 
the meridians of Sumatra and Java to the west, and New Guinea to the 
east, there is a regular monsoon, which sets in from the N.W. between the 
months of October and April; during the other months of the year the 


* From the Chinese words Ty, great or powerful, and Foeng, wind. 
: a's 
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wind resumes its natural course of S.E. These winds are called the NW. 
and S.E. monsoons. 

The monsoons do not change suddenly from one point of the compass 
to the opposite; between the expiration of one, and the commencement of 
the other, the winds are light and variable, and sometimes calms prevail, 
until the regular monsoon commences, and acquires sufficient strength to 
blow steady. 

The shifting of the N.E. and S.W. monsoons is frequently attended 
with violent squalls; for which reason ships between the coasts of Malabar 
and Africa, if bound to Bombay from the southward, never attempt to 
make the former coast at the breaking up of the N. E. monsoon, particularly 
in the month of May; hence, likewise, they avoid the Coast of Coromandel 
in the month of October: for it is a fact worthy of remark, that the bad 
weather month on the Coast of Malabar is the fine weather month on the 
Coast of Coromandel, and vice versd, although these coasts are situate on 
the same peninsula. 

The most obvious cause of the above periodical changes in the wind 
appears to be the situation of the sun in the ecliptic at the different 
seasons of the year; for when the sun approaches the Tropic of Cancer, 
the soil of Persia, Bengal, China, and the adjoining countries, becomes so 
much more heated than the sea to the southward of those countries, that 
the current of the general N. E. trade-wind is interrupted, so as to blow at 
that season from the south to the north, contrary to what it would do if no 
land were there; but as the high mountains of Africa, during all the year, 
are extremely cold, the low countries of India to the eastward of it becomes 
Hotter than Africa in summer, and the air is naturally drawn thence to the 
eastward: hence it is that the wind in those parts blows from the S.W. 
between April and October, contrary to the trade-winds in the Atlantic and 
Pacific Oceans in the same latitudes ; but when the sun retires towards the 
Tropic of Capricorn, these northern parts become cooler, and the general 
trude-wind assumes its natural direction from the N.E. 

Upon the same principle we account for the monsoons adjoining New 
Holland, which we find is an immense tract of land to the S.E. of the 
Sunda and Molucca Islands; for when the sun is in the Tropic of Cancer, 
the current of air, even independent of the trade-wind, will move from the 
S.E., to restore the equilibrium to the N.W.; on the contrary, in the 
months of November, December, and January, whilst the sun is nearly 
vertical over a great part of New Holland, the current of air, through the 
Sunda and Molucca Islands, will conic from the N.W.., to fill up the vacuum 
made by the rarefication, and thus occasion an alternate S. E. and N.W. 
monsoon. 

The cause of and and sea breezes, which prevail principally between the 
Tropics, and never extend above three or four leagues from the shore, may 
be explained after the same manner as the monsoons. For during the day 
the sea is not so much heated by the presence of the sun as the land, nor is 
1t so much cooled during the night; therefore, when the earth begins to be 
violently heated in the course of the day, the cooler air from the sea will 
rush in towards the land, to supply the deficiency occasioned by the greater 
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rarefaction of the air; and hence arise the sea-breezes. On the other hand, 
the land becoming cooler than the water in the absence of the sun, the 
current of air, a few hours after sunset, flows from the land to the sea. and 
thus produces the land-breeze. 


TIDES. 


—* <=> "ea 


A TIDE is that regular motion of the waters of the ocean by which they 
vise and fall in certain intervals of time. The rising of the water is called 
the flaw, or flood; and its falling, the refiux, or ebb. When’ the water has 
attained its greatest height, it is said to be high water; and when it is 
done falling, it is called /orww water. 

These periodical motions of the waters are effected by the unequal 
attraction of the sun and moon, but chiefly that of the latter object, on the 
different parts of the earth. For the discovery of the laws by which this 
general principle of attraction is governed, we are indebted to the great Sir 
Isaac Newton, who has demonstrated that the power of attraction diminishes 
as the distance increases, in proportion to the squares of those distances. 

Now it is evident by the above law, that those parts of the earth nearest 
the moon, are more attracted by her than the central parts; and that the 
central parts will be more attracted than those which are farthest from her: 
and therefore the distance between the earth’s centre and the waters upon its 
surface, under and opposite to the moon, will be increased; so that if the 
earth’s surface were covered with water, it would assume a spheroidal, or 
ege-like figure, the longest diameter of which would be directed to the 
moon’s centre. Hence those parts of the earth directly under and opposite 
the moon, that is, where the moon is in the zenith and nadir, will have the 
flood, or high water, at the same time; while those parts at 90 degrees 
distance, or where the moon appears in the horizon, will have the ebb, or 
lowest water, at that time. As the moon apparently shifts her position from 
east to west, in going round the earth every day, the longest diameter of the 
spheroid following her motion, occasions two floods and ebbs, in about every 
24 hours and 49 minutes, which is the length of a lunar day; or the interva] 
between the moon’s passing the meridian of any place, and returning to the 
same. 

The earth’s diameter bears a considerable proportion to its distance from 
the moon, but is next to nothing when compared to its distance from the 
sun; therefore the difference of the sun’s attraction on the sides of the 
earth under and opposite to him, is much less than the difference of the 
moon’s attraction on the sides of the earth under and opposite to her, and 
consequently the moon must raise the tides much higher than they can be 
raised by the sun. 

From this theory, it may be thought the tides ought to be highest 
directly under and opposite the moon; but we find that in open seas. 
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where the water flows freely, the moon is generally past the meridian when 
itis high water. The reason is obvious; for though the moon’s attractior 
were to cease altogether, when she was past the meridian, yet the motion of 
ascent communicated to the water before that time, would make it continue 
to rise for some time after; much more must it do so when the attraction is 
only something diminished. 

The times of high water do not always answer to the same distance o1 
the moon from the meridian at the same places; but are variously affected 
by the action of the sun, which brings them on sooner when the moon is in 
her first and third quarters, and keeps them back later when she is in her 
second and fourth; because, in the former case, the tide raised by the sun 
alone, would be earlier than the tide raised by the moon; and in the latter 
case, later. 

When the moon is in perigee, or at her nearest distance from the earth, 
she attracts strongest, and therefore raises the tides most; the contrary 
happens when she is in apogee, or at her greatest distance from the earth, 
because of her weaker attraction. At new moon, when the moon is in 
conjunction with the sun, the tices are raised by the joint attraction of both 
luminaries, and therefore will be highest; the same is the case at full moon, 
when the sun and moon are in opposition: for whilst the moon raises the 
tides under and opposite her, the sun acting in the same line, raises the 
tides under and opposite to him, whence their conjoint effect is the same as 
at the change, and in both cases occasions what are called spring-tides. 
Bat at the quarters, the sun raises the tides where the moon depresses them, 
and depresses them where they would be raised by the moon: hence it is the 
difference of their actions that produces the tides at the quarters, and these 
are called neap-tides. But these tides do not happen till a day or two after 
the above times ; because in this, as in other cases, the effect is not greatest 
or least when the immediate influence of the cause is greatest or least, but 
some time afterward. 

The sun being nearer the earth at the beginning than at any other time 
of the year, its attraction will then be most powerful; and of course about 
January the spring-tides will be greater than at any other time, and greatest 
of all if the moon at the same time should happen to be in perigee. 

When the moon is in the equinoctial, the tides are equally high in both 
parts of the lunar day; but as the moon declines from the equinoctial 
towards either Pole, the tides are alternately higher and lower at places 
having north or south latitude. Whilst the moon has north declination, 
the greatest tides in the northern hemisphere are when she is above the 
horizon, and the reverse whilst her declination is south. 

The tides rise higher at any place in proportion as the moon 1s nearer to 
the zenith or nadir of that place at the time of her passing the meridian ; 
because the action of the moon is there strongest: hence the tides are 
greater between the Tropics than at any other parts, and less near the Poles. 

All the above particulars would exactly obtain were the whole surface of 
the earth covered with deep water; but since there are multitudes of islands 
besides continents lying in the way of the tide, which interrupt its direct 
course, there arises a great variety of other appearances which require 
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particular solutions, wherein the situation of the shores, straits, shoals, 
winds, and other things must be considered. For instance, as the sea has 
no known passage between Europe and Africa, let them be supposed one 
continent, extending from Weigate Straits, in latitude 78° North, to the 
Cape of Good Hope, in latitude 34° South; the middle of these two would 
be in about 19° North, near Cape Blanco on the west coast of Africa. But 
it is impossible the flood-tide should set to the westward upon the western 
coast of Africa (for the general tide, following the course of the moon, must . 
set from east to west), because the continent for above 50 degrees, both 
northward and southward, bounds that sea on the east ; therefore, if any 
regular tide, proceeding from the motion of the sea, from east to west, 
should reach this place, it must come either from the north of Europe | 
southward, or from the south of Africa northward. 

This opinion is further corroborated, or rather fully confirmed, by 
common experience, which shews that the flood sets to the southward along 
the west coast of Norway, from the North Cape to the Naze, or entrance of 
the Baltic Sea, and so proceeds to the southward along the east coast of 
Great Britain, and in its passage supplies all those ports which lie in its 
way, one after another. The coast of Scotland has the tide first, because it 
comes from the northward to the southward. On the full and change days 
it is high water at Aberdeen at lh Om., but at Tynemouth Bar not till 
3h. 20m.; rising thence to the southward, it makes high water at the Spurn 
26m. after 5h.; at Yarmouth Roads 15m after 9h.; at Harwich 12h. 6m.; 
at the Nore Light 30m. after 12h., and at London Bridge at 2h. 7m., all in 
the same day. And although this may seem to contradict the hypothesis 
of the natural motion of the tides being from east to west, yet as no tide 
can come west from the main continent of Norway or Holland, it is evident 
the tide we have been tracing, by its several stages from Scotland to 
London, is supplied by that tide, the original motion of which is from east 
to west. As water always inclines to its level, it will in its passage fall to 
any other point of the compass, to fill up vacancies where it finds them ; 
and yet not contradict, but rather confirm the hypothesis. 

From these circumstances it is evident, that the direct course of the 
rising tides from east to west being interrupted by the land lying in their 
way, they are often obliged to make a long circuit, and to flow in various 
directions; whence the setting of the tides, and the times of high water, 
are different at different places. 

Lakes and inland seas, such as the Caspian Sea, the Mediterranean, and 
the Baltic Seas, have little or no sensible tides; for they are usually so 
small, that the attractive influence of the sun and moon is nearly equal at 
both extremities, and cannot therefore sensibly affect the water. 

When the time of high water at any place is mentioned generally, it 
is to be understood of the time when it is high water at that place on 
the day of new or full moon ; or the time past noon when it is high water 
on the day on which the sun and moon are together on the meridian of 
the place. Among pilots it is customary to reckon the time of flood, or 
high water, by the point of the compass the moon is supposed to bear on 
at that time, allowing three-quarters of an hour for each point. In places, 
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for instance, where it is flood at noon on the days of full and cnange, the 
tide is said to flow north and south, or at 12 o’clock. In places where the 
moon is supposed to bear 1, 2, 3, 4, or more points to the east or west 
of the meridian, when it is high water on the same day, the tide is said to 
flow on such a point; so if the moon is supposed to bear S. E. at flood, it 
is said to flow S. E. and N. W., or 3 hours before the moon comes to the 
meridian, that is, at 9 o’clock, if she bears S. W., it flows S. W. and N. E., 
or at 3 hours after the southing; and in like manner for other points of 
the moon’s bearing. But this absurd custom of reckoning the tides by the 
bearing of the moon, should be exploded, as founded in error; for the moon 
takes a greater or less portion of time in passing over any given number of 
points of the compass. 

In some places it is high water on the shore, or by the ground, while the 
tide continues to flow in the stream or offing; and according to the length 
of time it flows longer in the stream than on the shore, it is said to flow 
tide, and such part of tide, allowing 6 hours to a tide. ‘Thus 3 hours longer 
in the offing than on the shore make tide and half-tide; an hour and a 
half longer make tide and quarter-tide ; three-quarters of an hour longer 
make tide and half-quarter-tide, &c. 

The common method of finding the time of high water at any place is 
contained in the following particulars. 


OF LEAP YEAR. 


The length of the solar year being nearly 365 days 6 hours, and the 
common year containing only 365 days, one day is added every fourth year 
to the month of February, making that vear contain 366 days, which is 
called bissextile, or leap year, and is found as follews 


To find the Leap Year. 


Rue. Divide the given year by 4, and if there be no remainder, it is 
leap year; but if 1, 2, or 3 remain, they shew that it is so many years after 
leap year. 

Eixamp.e. The year 1866, divided by 4, gives 466, and the remainder 2, 
which shews that it is the second year after leap year. 


OF THE EPACT. 


The Epact is, the moon’s age at the beginning of the year: it increases 
11 every year, being the excess of the solar year of 365 days, above the lunar 
year of 354 days, or 12 lunations. It is also observed, that the moon goes 
through all her variety of aspects, with respect to the sun, in the course of 
19 years; so that at the end of that period, which is called the lunar cycle, 
the new and full moons return on the same days of the month, and nearly 
at the same hours. Hence the following Rule: 


To find the Epact. 


Rute. Divide the given year by 19; multiply the remainder by 11, and 
the product will be the Epact, if it does not exceed 29; but if it does, divide 
che product by 30, and the last remainder will be the Epact. 
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Exampte. Required the Epact for the Year 1866. 


1866, divided by 19, gives 98 for the quotient, and 4 for the remainder 
which multiplied by 11, gives 44; this, divided by 30, gives the quotient 1, 
and the remainder 14; which remainder is the Epact for the Year 1866. 


OF THE NUMBER FOR THE MONTH. 


The Number, or Epact for the Month, is the moon’s age at the beginning 
of that month, when it is new moon on the Ist of January; hence, 


To find the Number of any given Month. 


Rutz. Divide the number of days contained in the preceding months, 
reckoning from the beginning of January, by 29.5, or rather 2953 (the 
period of a mean lunation in days and decimal parts), and the nearest 
whole number to the remainder is the Epact, or number for the Month 
required. 

Exampete. Required the Number, or Epact, for September. 

The days contained between the beginning of January and the beginning 
of September are 243; this number, divided by 29.53, gives the quotient 8, 
and the remainder 6.76, or 7 nearly, which is the Kpact for September. 


The Epacts, or Numbers for each Month, are as follow : 
Jan. Feb. Mar. Apr. May. June. July. Aug. Sept. Oct. Nav. Deo 
1 2 3 4 5 7 7 


In common years .....- 0 1 0 9 
In leap years....eeeeee « O 2 1 2 3 A 5 6 8 8 10 10 


OF THE MOON’S AGE. 

The moon’s age is the number of days that has elapsed since the last 
change, or the new moon, and never exceeds 30. 
To find the Moon’s Age. 


Rutz. To the Epact of the Year add the Number for the Month, and 
the day of the month: the sum, if it does not exceed 30, is the moon’s 
age; but if it does, subtract 30 from it, and the remainder will be the 
moon’s age. 


Exampte, Required the moon’s age on July 17th, 1866. 


19 ) 1866 (98 Epact for 1866  .......ececseee 14 
171 Number for the Month...... 4 
Day of the Month .......+000. 17 
155 ane 
152 35 
——- 30 
4 — 
11 The Moon’s age --~..000 w.. 5 Days. 
30) 44 (1 
Eas 


The Epact for 1866 = 14 
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ON THE MOON’S PASSAGE OVER THE MERIDIAN. 


The moon passes the meridian of any place about 48 minutes, or four- 
fifths of an hour, later every day : now as the moon comes to the meridian 
with the sun on the day of new moon, the time that she comes to the 
meridian after the sun, on any day of her age, is easily found as follows. 


To find the Time of the Moon’s Passage over the Meridian. 


Rute. Multiply the moon’s age by 4, and divide the product by 5; the 
quotient will be the hours, and the remainder, multiplied by 12, the minutes, 
past noon, that the moon comes to the meridian. Or epee! the moon’s 
ave by 8, and point off the right-hand figure ; then the left-hand figure or 
figures will be the hours, and the product of the right-hand figure by 6, the 
minutes, past noon of the moon’s meridian passage. If the hours exceed 12, 
subtract that time from them, and the remainder will be the time of the 
moon’s passage over the meridian after midnight. 


Kixampte I. Required the time of the moon’s meridian passage, July th, 
1866. 


PRACE 168 LOU arcs ete teh coecs ace 14 Kloon’s:G76. sanansnadethsaneauaeune 25 Days. 
Number for the month ........ 4 4 
Day of the month 24-2 72.03.4.04.. 7 at 
pa 5) 100 
DIDO WAGE. svcosecssseuseesoad esoee §=25 Days. 
aaa 20. 0 
12 


Moon’s passage over meridian 20h, Om, P.M. 


Examrre II. At what time will the moon pass the meridian, October 
29th, 1866? 


Epact for 1866 owe cccccccces ee ccecee 14 Moon’s age 000 c0cseeves cee ceceueces 20 Days. 
Number for the month  ......00. ti 8 
Day of the month.......00- ev cevees 29 yeas 

— 16 0 

50 6 

30 


— Moon passes meridian... 16h. 0m. P.M. 
Moon’s AGES coeccecoccecvevcecceoser 20 Days. 12 0 


Or 4h. Om. A.M, 


To find the Time of High Water at any Place on any given Day 
of the Moon’s Age. 

Rute. To the time of the moon’s meridian passage on the given day, 
add the time of high water at the given place on the full and change days 
(taken from Table LVII); their sum is the time of high water at the place, 
past noon, on the given day. If this sum exceed 12 hours 24 minutes, 
which is about the interval between each succeeding tide, subtract 12 hours 
24 minutes from it; or if it exceed 24 hours 48 minutes, subtract 24 hours 
48 minutes from it, and the remainder wu! be the time of high water in the 
afternoon of the given day.* 

* It is to be observed that the above method gives the times of hizh water in solar or 


apparent time, to which therefore the equation of time (taken from Pave I. of the Mouth in 
the Nautical Almanac), should be applied, to reduce them to mean time.—See Page 153. 
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ai I, Required the time of high water at London, June 20th, 


Epact for 1866........:ccccscsee 14 Moon’s age June 20th, 1866... 8 Days 
Number for June...cccccsceesss 4 4 
Day of the month ..ecocce.- 20 reves 
— 5) 32 (2 
38 
30 Moon’s meridian passage...... 6h 24m. 


— Time at London(Table LVII) 2 7 
Moon’s age eeerere eeeerces ee coe 8 Days 


High water at London ........ 8 31 P. M. 
Exampite I]. At what time will it be high water in the Downs, 
September 24th, 1866 ? 


Eipact for 1866.....-.ccscccccses 14 Moon’s age Sept. 24th, 1866 ... 15 Days 
Number for September ...... 7 8 
Day of the month .......0.. « 24 

— Moon’s meridian passage......00 12h. Om. 

45 Time at Downs (Table LVII) 11 15 

30 

— 23 15 
Mo0n’s age sevser..sseee eseossee 15 Days Subtract the time ofa tide = 12 24 

High water in the Downs ...... 10 51 P.M. 


The preceding method of finding the time of high water, which is that 
usually practised at sea, is founded on the supposition that the interval 
between the moon’s passing the meridian, and the time of high water, is 
always the same; but we have already observed, in the theory of the 
tides, that the sun brings on the tides sooner in the first and third quarters 
of the moon, and later in the second and fourth quarters, than if they were 
produced by the influence of the moon only: hence it will be subject to an 
error on this account ; besides which, the moon’s age, as above found, will 
frequently be more than a day, and the moon’s meridian passage above an 
hour, wide of the truth. We have therefore given a more correct method 
with the aid of the Nautical Almanac, in which the moon’s position with 
regard to the sun, her distance from the earth, the longitude of the place, 
and other particulars are taken into account. The result of this method 
will seldom deviate many minutes from the truth, unless when the tides 
are greatly influenced by the winds. 


METHOD II. 


Rote. Find the time of the moon’s meridian passage, in mean time, on 
the given day, in Page LV. of the month in the Nautical Almanac, and 
reduce it to the time of her passing the meridian of the given place by 
Table XVI.; with this time, corrected by the equation of time to the 
nearest minute, taken from Page II. of the month in the Nautical Almanac, 
by addition or subtraction, as directed at the top of the column, and the 
- moon’s semidiameter from Page III. of the Nautical Almanac, take out 
the corresponding correction from Table X VI*, which add to, or subtract 
from, the above time, as directed in the Table, to the sum or remainder 
add the time of high water at the given place on full and change days 

Z 
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(Table LVIT.), and the sum will be the time of high water, in mean time, 
past noon of the given day. But if the sum exceed 12b. 24m., or 24h. 
48m _, subtract those times from it, and the remainder will be the time of 
high water nearly, in the afternoon of the given day. 

But should greater accuracy be required proceed thus :— 

If the above sum be more than 12 hours, and less than 24 hours, the 
time of high water found as above, will be that on the following morning ; 
in this case, therefore, to find it for the afternoon of the given day, diminish 
the moon’s passage over the meridian of the ship by half the difference of 
the passages on the given and preceding days; then proceed as before, 
rejecting 12 hours from the result. Again, if the above sum be greater 
than 24 hours, it will be the time of high water after noon of the following 
day ; when this is the case, diminish the moon’s passage over the meridian 
of the ship, by the whole difference between the passages on the given and 
preceding days, and proceed as before, rejecting 24 hours from the result. 

When the time of high water is found for the afternoon of the given 
day, the time of high water on the preceding morning may be found by 
subtracting 24 minutes from it; or, on the following morning, by adding 
24 minutes to it. 


Exampite I. Required the time of high water, in mean time at 
Falmouth, on October 15th, 1866. 


h, m, 
Moon’s meridian passage, in mean time, by Page IV. Nautical Almanac 5 
Correction for 5h. lm. + Eq. of time 14m. = 5h. 15m., and a aa l 


1 
semidiameter 14’ 53” (Table Dn V 1.") canes beeenes ete eckuens octane soe ane 3 


3 58 
Time of high water at Falmouth, full and change days (Table LVI.)...... 4 57 


Time of high water at Falmouth, in mean time, October 15th, 1866 ...... 8 55 P.M. 


Exampte II. Required the time of high water, in mean time at 
Calcutta, in longitude 88’ 27 E., on January 28th, 1866. 


h. m. 

Moon’s meridian passage, in mean time, at Greenwich, January 28th, 10 30 
by: Page LY. Dattical Almanacs ssscc<oss onctas doe sen sp itp cueunyeeesashaeele 

Correction to daily variation 56m.3, and long. 88° 27’ E. (Table XVI.) — 13 


Moon’s meridian passage, in mean time at Calcutta .......-sesccceceeseseeesss 10 17 
Correction to 10h. 17m. — Eq. of time 13m. = 10h. 4m., and moon’s 25 
semidiameter at midnight 15’ 52” (Table XVI*.) ......cccseccecseesereee + 


10 42 
Time of high water at Calcutta, full and change days (Table LVII.)...... 2 30 


13 12 
Average time of a Ae ik dak tte cule <n cnetad SOHCSSH SOS SHLSSSSSS SHOT SSE EST ESSESESSES SES 12 24 
Time of high water at Calcutta, in mean time, January 28th, 1866 ...... 0 48P.M. 
+ 24 


Time of high water at Calcutta, in mean time, on the following morning... 1 12A.M. 


Time of high water at Calcutta, in mean time, on the preceding morning... 0 24A.M. 
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Exampre III. Required the time of high water, in mean time, at 
Halifax, in longitude 63° 34’ W., on August 5th, 1866. 


Moon’s meridian passage, in mean time at Greenwich, August 5th, 20 8 
by page 1V. Nautical Almanac ..............ceccecsosserccccesrsccessesoeeses 


Correction to daily variation 58™, 4, and long. 63° 34’ W. (Table XVI.) + 9 


Time of moon’s meridian passage, in mean time, at Halifax.....cccssccereee 20 17 


Correction to 20h. 17m. — Eq. of time, 6m. = 20h. 11m, and moon’s + 12 
semidiameter at noon on 6th, 16’ 14” (Table XVI.*)......s00seeses eve 

20 29 

Time of high water at Halifax, full and change days (Table LVII.) ...... 7 49 

28 18 

Average time of two tides .....0..-s00. shiieas dan ceausadses tains eer 2 ke, 


Time of high water at Halifax, in mean time, August 5th, 1866.........0. 3 30 P.M. 


The last two Examples may be worked more correctly as follows :-— 
Eixampte I]. Required the time of high water, in mean time, at 
Calcutta, in longitude 88° 27’ E., on January 28th, 1866. 


«bey ma 

Moon’s meridian passage, in mean time, at Calcutta (as before) ...+...-.00 10 17 

Half difference of passages (56m.3) on the given and preceding days ...... — 28 

9 49 

Correction to 9h. 49m. — Eq. of time 13m. = 9h. 36m. and moon’s 29 
semidiameter at midnight 15’ 52” (Table XVI.)¥ ss... So fr 5 + 

10 18 


Time of high water at Calcutta, full and change days (Table LVII.)...... 2 30 


Subtract SOK S Hee SHSSHEHSH SASHES HSH SSH SOSTTFESSOOT OOD 12 0 


Time of high water at Calcutta, mean time, January 28th, 1866 ........ 0 48 P.M. 


ExampteE III. Required the time of high water, in mean time, at 
Halifax, in longitude 63° 34’ W., on August 5th, 1866. 


; h. m. 
Moon’s meridian passage, in mean time, at Halifax, August 19th ...e00.. 20 17 
_ Difference of passages on the given and preceding days (57m.8.) .e..00.000- — 58 


Moon’s meridian passage, in mean time, at Halifax, August 19th ...... ww. 19 19 
Correction to 19h. 19m. — Eq. of time 6m. = 19h. 13m., and moon’s 27 
semidiameter at noon, August 6th, 16’ 14” (Table XVI.) ..ccoocceee fo 


18 52 
Time of high water at Halifax, full and change days (Table LVII.) ...... 7 49 


26 41 
Subtract eeseete SOCOHOSSSESSSS SSH SSTSHSES CESSES ESHHOAEEEEED 24 0 


Time of high water at Halifax, mean time, August 5th, 1866 .......00.00... 2 41 P.M. 


_ 


NoTr.—In pages 494, 495, of the Nautical Almanac for 1866, the mean times of high 
water at London Bridge are given for every day throughout that year, and will serve to find 
the same at any place on the Coasts of Great Britain, Ireland, or. other parts near the 
meridian of Greenwich, as explained in page 542 of that work. 


oe 


172 TIDES, 


EXAMPLES FOR EXERCISE. 
Required the times of high water at the following places and times :— 


1. At Botany Bay, in longitude 151° 16° E., on 29th November, 1866. 
Ans. By first method, lh. 3m. P.M.; by last method, 1h. 18m. P.M. 


2. At Boston, in longitude 71° 4’ W., on 11th April, 1856. 
Ans. By first method, Th. 27m. P.M.; by last method, 8h. 50m. P.M. 


3. At Calcutta, in longitude 88° 27’ E., on 17th October, 1866. 
Ans. By first method, 8h. 54m. P.M.; by last method, 8h. 10m. P.M. 


4. At New York, in longitude 74° 3° W., on 28th July, 1866. 
Ans. By first method, 8h. 3%m. P.M.; by last method, 8h 48m. P.M. 


5. At Bombay, in longitude 72°? 54’ E., on 27th December, 1866. 
Ans. By first method, 2h. 52m. P.M.; by last method, 3h. 10m. P.M. 


6. At Rio Janeiro, in longitude. 43° 16’ W., on 5th July, 1866. 
Ans. By first method, 9h. Om. P.M.; by last method, 8h. 18m. P.M. 


4%. At Trincomalé, in longitude 81° 21’ E., on 25th January, 1866. 
Ans. By first method, 3h. 6m. P M.; by last method, 2h. 56m. P.M. 


8. At Quebec, in longitude 71° 10° W., on 10th June, 1866. 
Ans. By first method, 3h. 26m. P.M.; by last method, 5h 2m. P.M 


To find the Time of High Water at a given Place on the full and Change 
Days of the Moon, when the time of High Water is known 
at that Place on any other Day. 


Rue. Reduce the time of the moon’s meridian passage at Greenwich in 
mean time, found in Page IV. of the month in the Nautical Almanac, to the 
time of her passing over the meridian of the given place, by Table XVL.; 
to this time, corrected by the equation of time to the nearest minute, taken 
from Page II. of the month in the Nautical Almanac, by addition or 
subtraction, as directed at the top of the column, and apply the correction 
from Table X VI.*, then subtract the result from the observed time of 
high water in mean time on the given day; the remainder will be the 
time of high water at the given place, on full and change days. 

But should the time to be subtracted be greater than the observed time 
of high water, from the time of the moon’s meridian passage over the given 
place, subtract half the difference of two successive passages, and then 
proceed as before, adding 12 hours to the observed time of high water. 
Again, should the time to be subtracted be still the greater, take the whole 
difference of two successive passages from the time of the moon’s passing 
the meridian of the place, and proceed as before, adding 24 hours to the 
observed time of high water. 


Exampte I. Suppose that in the harbour of Rio Janeiro, in longitude 
43° 16’ W., on the 20th of June, 1866, the time of high water should be 
at Sh. 54m. P.M.; required the time of high water on the full and 
change days of the moon. 


TIDES. 1%3 


oom 
Moon’s meridian passage, in mean time, at Greenwich, June 20th, by 6 34 
Mame kY ot Nomtion! A lmanac: ...tusliscesechacncenevescaaee +e} bob dak osnqards 
Correction to daily variation 43™ 3, and long. 43° 16’ W. (Table XVI.) + 5 
Moon’s meridian passage, in mean time, Rio Janeiro.................s0eeeeeeee 6 39 
Correction to 6h. 39m. — Eq. of time 1m. = 6h. 38m., and moon’s semi-.  _ 45 
meminacer 1a 07%: table X Vie ipvissscccsehoactes cancps oo Manda. lies 
5 54 
Observed time of high water, in mean time................ tedpw chee Maoortnah amare 8 54 
Time of high water at Rio Janeiro on full and change days ...........sses00 3 OP.M. 


ExampeE II. Suppose that in the harbour of New York, in longitude 
74° 3’ W., on the 2nd February, 1866, the time of high water should be 
at 9h. 57m. P.M.: required the time of high water on the full and 
change days. 


h, m. 

Moon’s meridian passage, in mean time at Greenwich, February 2nd, by 2 4 38 
REE AMES LICE PR EIAC fh, 02. oc cae cases cnegiiccs cvepesenseesagcoure se 

Correction to Daily variation 43", 9, and long. 74° 3’ W.(Table XVL.)... + 8 


ee 


Moon’s meridian passage, in mean time, at New York .............sseseeeeeee 14 46 
Half the difference (45m.) of passages, on given and preceding days ...... — 22 

14 24 
Correction to 14h. 24m. — Eq. of time 14m, = 14h. 10m., and moon’s) __ 35 

semidiameter, at midnight, 15’ 7” (Table XVI.*) ...ccccc.cecccscsccceces 

13 49 
Observed time of high water, in mean time, + 12 hours ..........sssscseese- 21 57 
Time of high water at New York on full and change days .......ssssse0e.-. 8 8PM. 


HADLEY’S QUADRANT. 


It is generally allowed that we are indebted to John Hadley, Esq., for the 
invention, or at least the first public account of that admirable instrument, 
commonly called Hadley’s Quadrant, who, in the year 1731, first com- 
municated its principles to the Royal Society, which were by them published 
soon after in their Philosophical Transactions. Before this period the Cross 
Staff, and Davis’s Quadrant, were the only instruments used for measuring 
altitudes at sea; both very imperfect, and liable to considerable error in 
rough weather ; the superior excellence, however, of Hadley’s Quadiant 
soon obtained its general use among seamen ; and the many improvements 
this instrument has received from ingenious men at various times have 
rendered it so correct, that it is now applied, with the greatest success, to 
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the important purposes of ascertaining both the latitude and longitude 
at sea. 

Figure 1, Plate VIII. is a representation of Hadley’s Quadrant; the 
Puno parts of which are, the Octant, or Frame asc; the Arch, or 

imb Bc; the Index p, the Nonius, or Vernier Scale, £; the Index Glass F ; 
the Fore Horizon Glass c¢; the Back Horizon Glass H; the Shades, or 
Dark Glasses, 1; and the Sight Vanes x and L. 

The Octant, or Frame, is generally made of ebony, or other hard 
wood, and consists of an arch firmly attached to two radii or bars aB, Ac, 
which are strengthened and bound by the two braces m and Nn, in order to 
prevent it from warping. 7 

The Arcu or Limp, although only the eighth part of a circle, is, on 
account of the double reflection, divided into 90 degrees, numbered 0, 10, 
20, 30, &c. from right towards the left; these are subdivided into 3 parts, 
containing each 20 minutes, which are again subdivided into single minutes, 
by means of the scale at the end of the Index. ‘The arch extending from 0 
towards the right-hand, is called the arch of excess. 

The InpEx is a flat brass bar, that turns on the centre of the instrument. 
At the lower end of the index there is an oblong opening. ‘To one side of 
this opening a nonius scale is fixed, to subdivide the divisions of the arch. 
At the bottom, or end of the index, there is a piece of brass which bends 
under the arch, carrying a spring, to make the nonius scale lie close to the 
divisions ; it is also furnished with a screw, to fix the index in any desired 
position. | 

Some instruments have an adjusting or tangent-screw fitted to the 
index, that it may be moved more slowly, and with greater regularity and 
accuracy than by the hand: it is proper, however, to observe, that the 
index must be previously fixed near its right position by the above- 
mentioned screw, before the adjusting screw is put in motion. 

The Nontus is a scale fixed to the end of the index, for the purpose, as 
before observed, of dividing the subdivisions on the arch into minutes. 
It sometimes contains a space of 7 degrees, or 21 subdivisions of the limb, 
and is divided into 20 equal parts ; hence each division on the nunius will be 
one-twentieth part greater, that is, one minute longer than the divisions on 
the arch ; consequently, if the first division of the nonius, marked 0, be set 
precisely opposite to any degree, the relative position of the nonius and the 
arch must be altered ane minute before the next division on the nonius will 
coincide with the next division on the arch. The second division will require 
a change of two minutes; the third of three minutes; and so on, till the 
20th stroke on the nonius arrives at the next 20 minutes on the arch; the 
0 on the nonius will then have moved exactly 20 minutes from the division 
whence it set out, and the intermediate divisions of each minute have been 
regularly pointed out by the divisions of the nonius. 

The divisions of the nonius scale are in the above case reckoned from the 
middle towards the right, and from the left towards the middle; therefore 
the first 10 minutes are contained on the right of the 0, and the other 10 on 
the left. But this method of reckoning the divisions being found incon- 
venient, they are more generally counted, beginning from the right-hand 
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towards the left; and then 20 divisions on the nontus are equal to 19 on 
the limb: consequently one division on the arch will exceed one on the 
nonius by one-twentieth part, that is, one minute. 

The 0 on the nonius points out the entire degrees and odd twenty 
minutes subtended by the objects observed; and if it coincide with a 
division on the arch, points out the required angle: thus, suppose the 0 
on the nonius stands at 25 degrees, then 25 degrees will be the measure of 
the angle observed ; if it coincides with the next division on the left-hand, 
25 degrees 20 minutes is the angle; if with the second division beyond 25 
degrees, then the angle will be 25 degrees 40 minutes; and so on in every 
instance where the 0 on the nonius coincides with a division on the arch; 
but if it do not coincide, then look for a division on the nonius that 
stands directly opposite to one on the arch, and that division on the nonius 
gives the odd minutes to be added to that on the arch nearest the right- 
hand of the 0 on the nonius: for example—suppose the index division does 
not coincide with 25 degrees, but that the next division to 1t on the nonius 
is the first coincident division, then is the required angle 25 degrees 
1 minute; if it had been the second division, the angle would have been 25 
degrees 2 minutes, and so on to 20 minutes, when the 0 on the nonius 
would coincide with the first 20 minutes on the arch from 25 degrees. 
Again, let us suppose the 0 on the nonius to stand between 50 degrees and 
50 degrees 20 minutes, and that the 15th division on the nonius coincides 
with a division on the arch, then is the angle 50 degrees 15 minutes. 
Further, let the 0 on the nonius stand between 45 degrees 20 minutes and 
45 degrees 40 minutes, and at the same time the 14th division on the 
nonius stands directly opposite to a division on the arch, then will the angle 
be 45 degrees 34 minutes. 

The InpEx Gtass is a plane speculum, or mirror of glass quick- 
silvered, set in a brass frame, and so placed that the face of it 1s perpendi- 
cular to the plane of the instrument, and immediately over the centre of 
motion of the index. ‘This mirror being fixed to the index, moves along 
with it, and has its direction changed by the motion thereof. 

This glass is designed to reflect the image of the sun, or any other 
object, upon either of the two horizon glasses, from whence it is reflected to 
the eye of the observer. ‘The brass frame, with the glass, is fixed to the 
index by two screws at the back; the other screw s serves to place it in a 
perpendicular position, if by any accident it has been put out of order. 

The Horizon Guassrs are two small speculums on the radius a B of 
the frame; the surface of the upper one is parallel to the index-glass when 
the 0 on the nonius is at 0 on the arch; these mirrors receive the rays of 
the object reflected_from the index-glass, and transmit them to the observer. 
The fore horizon-glass c is only silvered on its lower half, the upper half. 
being transparent, in order that the direct object may be seen through it. 
The back horizon-glass u is silvered at both ends; in the middle there is 
a transparent slit, through which the horizon may be seen. Each of these 
glasses is set in a brass frame, to which there is an axis; this axis passes 
through the wood work, and is fitted to a lever on the under side of the 
quadrant, by which the glass may be turned a few degrees on its axis, in 
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order to set the face of the fore horizon-glass parallel, or that of the back 
horizon-glass at right angles, to the index-glass. 

To set the glasses perpendicular to the plane of the quadrant, there are 
two sunk screws, one before and one behind each glass: these screws pass 
through the plate on which the frame is fixed into another plate, so that by 
loosening one, and tightening the other of these screws, the direction of the 
frame, with its mirror, may be altered, and thus be set perpendicular to the 
plane of the instrument. 

The Dark GuassEs, or SHADES, are used to prevent the bright rays 
of the sun, or glare of the moon, from hurting the eye at the time of 
observation. ‘There are generally three of them, two red, and one green. 
They are each set in a brass frame which turns on a centre, so that they 
may be used separately or together, as the brightness of the object may 
require. ‘The green glass may be used also alone, if the sun be very faint: 
it is likewise used in taking observations of the moon. When these glasses 
are used for the fore observation, they are fixed at 1, as in Figure 1, but for 
the back observation, they are removed to 0. 

The Sicut Vanes are pieces of brass, standing perpendicular to the 
plane of the instrument: that one which is opposite the fore horizon, is 
called the fore sight vane, the other the back sight vane. ‘There are two 
holes in the fore sight vane, the lower of which, and the upper edge of 
the silvered part of the fore horizon-glass, are equidistant from the plane 
of the instrument, and the other is opposite to the middle of the transparent 
part of that glass; the back sight vane has only one hole, which is exactl 
opposite to the middle of the transparent slit in the horizon-glass to whieh 
it belongs. . 


ADJUSTMENTS OF HADLEY’S QUADRANT. 


The several parts of the Quadrant being liable to be out of order, from a 
variety of accidental circumstances, it is necessary to examine and adjust 
them, so that the instrument may be put into a proper state previous to 
taking observations. 

An instrument properly adjusted, must have the index-glass and horizon- 
glasses perpendicular to the plane of the Quadrant; the plane of the fore 
horizon-glass parallel, and that of the back horizon-glass perpendicular to 
the plane of the index-glass, when the 0 on the nonius is at 0 on the arch. 
hence the Quadrant requires five adjustments, the first three of which being 
once made, are not so liable as the last two to be out of order: however, they 
should all be occasionally examined, in case of accident. 


I. To set the Plane of the Index-Glass perpendicular to that of 
the Instrument. 


Place the index near to the middle of the arch, and holding the Quadrant 
m a horizontal position, with the index-glass close to the eye, look obliquely 
down the glass, in such a manner that you may see the arch of the Quadrant 
by direct view, and by reflection at the same time ; if they join in one direct 
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line, and the arch seen by reflection forms an exact plane, or strait line, 
with the arch seen by direct view, the glass is perpendicwar to the plane of 
the Quadrant; if not, it must be restored to its right position by loosening 
the two sunken screws, and tightening the screw s, or vice versd, by tight- 
ening the sunken screws, and releasing the screw s. 


II. Zo set the Fore Horizon-Glass parallel to the Index-Glass, 
the Index being at 0. 


Set the 0 on the nonius exactly against 0 on the arch, and fix t there 
by the screw at the under side. ‘Vhen, holding the Quadrant vertically. 
with the arch lowermost, look through the sight-vane x, at the edge of the 
sea, or any other well-defined and distant object. Now, if the horizon in 
the silvered part exactly meet, and form one continued line with that seen 
through the unsilvered part, the horizon-glass is parallel to the index-glass. 
But if the horizons do not coincide, then loosen the button-screw in the 
middle of the lever, on the under side of the Quadrant, and move the horizon- 
glass on its axis, by turning the nut at the end of the adjusting lever, till 
you have made them perfectly coincide; then fix the lever firmly in this 
situation by tightening the button-screw. ‘This adjustment ought to be 
repeated before and after every observation. Some observers adopt the 
following method, which is called finding the index error:—Let the horizon- 
glass remain fixed, and move the index till the image and object coincide; 
then observe whether 0 on the nonius agree with 0 on the arch; if it do 
not, the number of minutes by which they differ, is to be added to the observed 
altitude or angle, if the 0 on the nonius be to the right of the 0 on the arch; 
but if to the left of the 0 on the limb, it is to be subtracted. 

It has already been observed, that that part of the arch beyond 0, tewards 
the right hand, is called the arch of excess: the nonius, when the 0 on it is 
at that part, must be read the contrary way; or, which is the same thing, 
you may read off the minutes in the usual way, and then their complement 
to 20 minutes will be the real number, to be added to the degrees and 
minutes pointed out by the O on the nonius. 


III. Jo set the Fore Horizon-Glass perpendicular to the 
Plane of the Quadrant. 


Having previously made the above adjustment, incline the Quadrant on 
one side as much as possible, provided the horizon continues te be seen in 
both parts of theglass. If, when the instrument is thus inclined, the edge of 
the sea, seen through the lower hole of the sight-vane, continue to form one 
unbroken line, the horizon-glass is perfectly adjusted; but if the reflected 
horizon be separated from that seen by direct vision, the speculum is not 
perpendicular to the plane of the Quadrant: then if the limb of the Quadrant 
be inclined towards the horizon, with the face of the instrument upwards, 
and the reflected sea appear higher than the real sea, you must slacken the 
screw before the horizon-glass, and tighten that which is behind it; but if 
the reflected sea appear lower, the contrary must be performed. Care must 
be always taken in this adjustment, to loosen one screw before the other is 

AA 
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screwed up, and to leave the adjusting screws tight, or so as to draw with 
a moderate force against each other. 

This adjustment may be also made by the sun, moon, ora star: in this 
case the Quadrant is to be held in a vertical position ; if the image seen by 
reflection, appear to the right or left of the object seen directly, then the 
glass must be adjusted, as before, by the two screws. his will be further 
explained in the use of the Sextant. 

Sume Quadrants have a vertical screw at the back of the instrument, by 
which the adjustment is made. 

It will be necessary, after having made this adjustment, to examine if the 
horizon-glass still continue to be parallel to the index-glass ; as sometimes, 
by turning the sunken screws, the plane of the horizon-glass will have its 
position altered. 


IV. Zo set the Back Horizon-Glass perpendicular to the Plane of 
the Index-Glass 0 on the Nonius being at 0 on the Arch. 


Let the 0 on the nonius be put as much to the right cf 0 on the arch as 
twice the dip (taken from Table V.) amounts to: hold the Quadrant in a 
vertical position, and apply the eye to the back sight-vane L; then if the 
reflected horizon, which will appear inverted, or upside down, coincide with 
that seen direct, the glass is adjusted; otherwise the screw in the middle of 
the lever, on the under side of the Quadrant, must be slackened, and the 
nut at its extremity turned till both horizons coincide. 


V. T'o set the Back Horizon-Glass perpendicular to the 
Plane of the Quadrant. 


This adjustment is performed by holding the Quadrant nearly parallel 
to the horizon, and directing the sight through the back sight-vane ; then, 
if the true and reflected horizons appear in the same strait line, the glass is 
perpendicular to the plane of the instrument; but if they do not coincide, 
turn the sunken screws in the pedestal of the glass, till both appear to form 
one strait line. 


USE OF HADLEY’S QUADRANT. 


The use of the Quadrant is to ascertain the angle subtended by two 
distant objects at the eye of the observer; but principally to observe the 
altitude of a celestial object above the horizon: this is pointed out by the 
index, when one of the objects seen by reflection, is made to coincide with the 
other, seen through the transparent part of the horizon-glass. 

There are two different methods of observing altitudes with a Quadrant: 
one is when the observer’s face is directed towards the celestial body, and it 
is brought down by reflection to that part of the horizon immediately under 
it; the altitude is in this case said to be taken by a fore observation: the 
other method is when the observer's back is towards the object, and it’ is 
brought over to the opposite part of the horizon, and is thence called a back 
observation. 'This latter method of observing is very seldom used, and is 
requisite only when the horizon under the object is broken by adjacent shores, 
or rendered indistinct by fogs, or any other impediments. 
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7'0 take an Altitude of the Sun, Moon, or a Star, by a 
Fore Observation. 


Having previously adjusted the instrument, place the 0 on the nonius 
opposite to 0 on the arch, and turn down one or more of the screens, accord. 
ing to the brightness of the sun; then apply the eye to the upper hole in the 
fore sight-vane, if the sun’s image be very bright, otherwise to the lower, and 
holding the Quadrant vertically, look directly towards the sun, so as to let it 
be behind the silvered part of the horizon-glass, then the coloured sun’s image 
will appear on the speculum. Move the index forwards till the sun’s image, 
which will appear to descend, just touch the horizon with its lower or upper 
limb. If the upper hole be looked through, the sun’s image must be made te 
appear in the middle of the transparent part of the horizon-glass; but if the 
lower hole, hold the Quadrant so that the sun’s image may be bisected by the 
line joining the silvered and transparent parts of the horizon-glass. 

The sun’s limb ought to touch that part of the horizon immediately under 
the sun ; but as this point cannot be exactly ascertained, it will therefore be 
necessary for the observer to give the Quadrant a slow motion from side to 
side, turning at the same time upon his heel, by which motion the sun will 
appear to sweep the horizon, dnd must be made just to touch it at the lowest 
part of the arch: the degrees and minutes then pointed out by the index on 
the limb of the Quadrant, will be the observed altitude of that limb which is 
brought in contact with the horizon. 

In this manner the altitude of the moon, or a star, may be taken by a fore 
observation, remembering that when the moon :s the object, her enlightened 
side is to be brought to the horizon, whether it be the upper or lower limb. 

_ Whenthe meridian, or greatest altitude, isrequired, the observation should 

be commenced a short time before the object comes to the meridian. Being 
brought down to the horizon, it will appear for a few minutes to rise slowly, 
when it is again to be made to coincide with the horizon, by moving the index 
forward : this must be repeated until the object begin to descend, when the 
index is to be secured, and the observation to be read off. 

Nore. For the methods of finding the time of the moon’s, or a star’s, pass- 
ing the meridian, see the Explanation to Tables XVI, XLIII, and XLIV. 


To take an Altitude of the Sun, Moon, or a Star, by a 
Back Cbservation. 


Place the dark glasses in the hole near the back horizon-glass, and turn 
one or more of them down, according to the brightness of the sun; then, 
looking through the back sight-vane towards that part of the horizon opposite 
the sun, the Quadrant being held vertically, move the index till the sun’s 
image be seen on the silvered part of the glass, and giving the Quadrant a 
slow vibratory motion, the sun will appéar to describe an arch with its convex 
side upwards. Bring one of the limbs in contact with that part of the horizon 
seen through the transparent slit when it is in the upper part of this arch, 
and the degrees and minutes pointed out by the index, will be the altitude of 
the other limb; for in the back observation the image of the object is inverted. 
In the same manner, the altitude of the moon, or a star, may be taken, ob. 
serving to bring the enlightened limb of the moon in con:aci with the horizon. 
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ON FINDING THE 


LATITUDE BY OBSERVATION. 


—— a DP 


THE latitude of a place is its distance from the equator, either north or 
south, and is measured by an arch of a meridian contained between the 
zenith and the equinoctial : hence, if the distance of any heavenly body from 
the zenith when on the meridian, and its declination, or number of degrees 
and minutes it is to the northward or AO of the equinoctial, be given, 
the latitude may thence be found. 

The meridian zenith distance of an object is found either from its altitude 
taken when on the meridian, or from one or two altitudes observed when 
out of the meridian. 

Altitudes of the sun or moon taken at sea require four corrections, in 
order to obtain the true altitude of their centre: these are for semidiameter, 
dip, refraction, and parallax*. When the altitude of a star is observed, 
the corrections for dip and refraction only are to be applied. ‘The parallax 
of the sun or a planet being but a few seconds, is seldom noticed in finding 
the latitude at sea. hn 


To find the Latitude of a Place by the Meridian Altitude of the Sun. 


Rute. From the observed altitude of the sun’s limb (corrected for 
index error, if any), subtract the dip answering to the height of the eye 
above the horizon (found in Tabie V.), when the altitude is taken by a fore 
observation, or add it in a back observation, and the result will be the 
apparent altitude of the observed limb; from which subtract the refraction 
corresponding to that altitude (taken from Table IV.), and the remainder 
will be the true altitude of the observed limb. 

When the sun’s lower limb is observed, add the sun’s semidiameter 
(16 minutes), but if the upper limb be observed, subtract it; and the sum, 
or remainder, will be the true altitude of the sun’s centre+: or, when the 
altitude of the sun’s lower limb is observed by a fore observation, the 
correction for the joint effect of the semidiameter, dip, refraction, and 
parallax, may be taken at once from Table IX. 

Subtract the true altitude of the sun’s centre from 90°, and the remain- 
der will be the sun’s true meridian zenith distance, which is to be called 
north or south, according as the observer, or his zenith, is north or south 
of the sun at the time of observation 

Take the sun’s declination from Table X., and reduce it to the meridian 
of the ship (when the longitude is considerable) by Table XI., noting 
whether it be north or south: then if the zenith distance, and ‘decline 
tion, be both north, or both south, add them together ; but if one be north, 
and the other south, subtract the less from the greater, and the sum, or 
difference, will be the latitude, of the same name with the greater 
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* For an explanation of these corrections, see page 149, &c. 

+ Many seamen add [1 or 12 minutes to Aw observed sitinde of the lower limb (being the 
difference between the semidiameter and the dip), and omit the correction for refraction altos 
gether; but this neglect will frequently produce an error of several miles in the latitude, 
especially when the meridian altitude is small. 
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Nore. 
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If it be required to work the observation to seconds, the sun’s 


emidiameter is to be taken from Page II. of the month in the Nautical 
Almanac; the declination for apparent noon at Greenwich, from Page I. of 
the same; and the latter reduced to noon at the meridian of the ship by 
Table XXI+. ‘Take also the sun’s correction in altitude, which is the 
difference of his refraction and parallax, from Table X VIIL., instead of the 
refraction only, as shewn in Table 1V. When the horizon under the sun 
is obstructed by land, the dip is to be taken from Table VIII. 


EXAMPLE TI. 


June 18, 1866, the meridian altitude of 
the sun’s.low er iimb was 43° 18’, the observer 
being North of the sun, and his eye elevated 

18 feet above the surface of the sea: required 
the latitude of the place of observation, to 
the nearest minute. : 

° 

Obs. alt. of sun’s lower limb ...... 43 18 

Dip of the horizon (Table V.) ... — 4 


App. alt. sun’s lower limb ......... 43 14 
Refraction {Table IV.) ........+.. rae 
True alt. sun’s lower limb ......... 438 13 
Sun’s semidiameter ....... Sivassounts 4t-, 1D 
True alt. sun’s centre .....sscecccecs 43 29 
90 
Sun’s true zenith distance ... ... 46 31N 
Sun’s declination (Table X.) ...... 23 23N 
DEMURE et Suet bee e's sk ad: codcecvrcese dee 69 56 N. 


EXAMPLE III. 


January 9, 1866, in longitude 116° W., the 
meridian altitude of the sun’s upper limb 
was 69° 14’ South, the observer being about 
3 miles from the land, under the sun, and 
his eye elevated 22 feet: required the latitude 


to the nearest minute. ops 
Obs. alt. sun’s upper limb ...... on Aa te 
Dip of the horizon (Table VI1J.).. — 5 


App. ait. sun’s upper limb ......... 69 9 
SEEMMCRIINT aSeccscescocessocse Germateesys — O 


True alt. sun’s upper limb ......... 69 9 


Sun’s semidiameter ...-ccccscessoeves — 16 

True alt. sun’s Ceritre cecccccoccoveee OS 5d 
90 

Sun’s true zenith distance .....-... 21 7N. 

Sun’s declin. (Tab. X.)... 22° 6/ 92 S 

Corr. for long. (Table XI.) — 3 5 

Ma tittiGe: occnvce *@eeeeeeeeeeteeeseetoesoee 0 56 S, 


EXAMPLE II, 


September 21, 1866, in longitude 60° E.., 
the meridian altitude of the sun’s lower 
limb was 56° 26’, the observer being South of 
the sun, and the height of his eye 26 feet: 
required the latitude to the nearest minute. 

° 


Obs. alt. sun’s lower limb ......... 56 26 


Dip of the horizon (Table V.)... — 5 
App. alt. sun’s lower limb......... 56 21 
Refraction (Table IV.) ......00.06. — =i 


True alt. sun’s lower limb......... 56 20 
Sun’s semidiameter......ccccecccee + 16 


56 36 
90 


True alt. sun’s centre 


Sun’s true zenith distance...... « 33 24S. 
Sun’s declination (Tab. X.) 0°42’ 0 46N 
Corr. for long. (Table XI.) + 4 


Latitude SOSSHSSSSOSSSSSSESSSTESSsSEESee 32 38 fois 


EXAMPLE IV. 


December 25, 1866, in longitude 35° W.., 
the meridian altitude of the sun’s lower limb, 
by a back observation, was 16° 28’ South, the 
height of the eye being 20 feet: required the 
latitude to the nearest minute. 

re) U 


Obs. alt. sun’s lower limb......... 16 288, 
Dip of the horizon........sseceervee 894 


App. alt. sun’s lower limb......... 16 382 
Refraction Seeeoeseesesreossessessesseoe ~~ 3 


True alt. sun’s lower limb......... 16 29 


Sun’s semidiameter ...ccccceceseee + 16 

True alt. sun’s CENtTE csecccccesee 16 45 
90 

Sun’s true zenith distance......... 73 15 N. 


Sun’s declin. (Tab. X.)...23°25/ 
Corr. for long. (Fab. XL) — 0 \23 25 S. 


Latitude SSCSOSHSSHESHSOOHST OHO ESSSOOSES 49 50 N 


t Or more correctly by Table XX XIII.—See the Explanation to that Table. 
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EXAMPLE V. 


May 29, 1866, in longitude 30° W., the 
meridian altitude of the Sun’s lower limb was 
observed to be 65° 42’ 30”, the zenith being 
North of the sun, and the height of the eye 
24 feet: required the latitude. eg: 


Sun’s declin. by Naut. Alm...... 21 37 44N. 


ON FINDING THE LATITUDE BY A MERIDIAN ALTITUDE. 


EXAMPLE VI. 


November 21, 1866, in longitude 166° E., 
the meridian altitude of the Sun’s lower limb 
was observed to be 47° 36' 45” S., the height 
of the eye being 18 feet: required the lati- 
tude. 


° ‘ “ 


Corr.forlong.30°W.(Tab. XX1.) 
Sun’s corrected declination ype 


Obs. alt. sun’s lower limD....ceeee 
Dip of the horizon eoerceceecesece 


App. alt. sun’s lower limb ...... 
Refr.—Parallax (Tab. XVIII.) 


True alt. sun’s lower limb ...... 
Sun’s semidiameter by N. Alm.. 


True alt. sun’s Centre ceccecscsoee 
Sun’s true zenith distance cececs 
Sun’s corrected declination wee... 


Latitude SCHOO SHSCESHHHOOETFESESHSOOSED 


+ 0 49 


21 38 33 N. 


65 42 30 
4 42 
65 37 48 
0 22 
65 37 26 
+ 15 49 


65 53 15 
90 


24 6 45N. 
21 38 33.N. 


45 45 18N. 


SS 


Sun’s declin. from Naut. Alm... 
Corr.for long. 165°E.(Tab.X XI.) 


Sun’s corrected declination ...... 


Obs. alt. sun’s lower limb....0000- 
Dip of the horizon  .eececeese eeeee 


App. alt. sun’s lower limb ...... 
Refr.—Parallax (Tab. XVIII.) 


True alt.sun’s lower limb ...... 
Sun’s semidiameter by N. Alm. 


True alt. sun’s CENtre cscccccesces 
Sun’s true zenith distance ...... 
Sun’s corrected declination ...+.. 


Latitude...... eoceseeeseces evcoecoveess 


19 56 37 S. 


5 52 


19 


47 


4] 
3 


47 
90 


42 
19 


50 45 S. 


‘J a“ 
36 45S 
4 4 


32 41 


0 46 


31 55 


16 14 


48 9 


11 51 N, 


50 45S. 


22 


21 6N. 


EXAMPLE VII. 


August 22, 1866, in longitude 8° West, 
the meridian altitude of the Sun’s lower limb 
was 77° 49’ 30”, the observer being South of 
the sun, the height of his eye 30 feet, and 
the index error 1’ 30” to be added*: required 


EXAMPLE VIII. 


October 12, 1866, in longitude 30° E., 
the meridian altitude of the Sun’s lower limb 
was 89° 54’ 30” from the South point of the 
horizon, the height of the eye being 12 feet, 
and the index error 2' 0” to be subtracted* : 


the latitude. 


° ‘ 4“ 


Sun’s declin. by Naut. Alm....... 11 47 19 N. 
Corr. for long.8°W. (Tab. XXI.) — 0 27 


Sun’s corrected declination...... 11 46 52 N. 


Obs. alt. sun’s lower limb.......0. 74 49 30 
Index error to be added ....cc00. + 1 30 


Corr. obs. alt. sun’s lower limb... 77 51 0 

Corr. from Table IX. + 10'2 = + 10 12 

True alt.sum’s CENtre .cccoccccoee 8 1 12 
90 

Sun’s zenith distance ...ccccocoee LL 58 488, 

Sun’s corrected declination ...... 11 46 52 N. 


PTA tiiid Gcavetccatsectescntcecsusrcepes 0 1l 56 Ss. 


—_— 


required the latitude. 


°o } a 
Sun’s declin. by Naut.Alm...... 7 25 15S. 
Corr. for long. 30°E.(Tab.XXI.) — 1 52 
Sun’s corrected declination ...... 7 23 9S. 


Obs. alt. sun’s lower limb........- 
Index error to be subtracted ... 


Corr. obs. alt. sun’s lower limb... 
Corr. from Table IX. + 12.7= 


True alt. sun’s centre 


Zenith distance Seeeeercerseetegeseeee 
Sun’s corrected declination ...... 


Dstt G cer avncccdabschs @eeeseereraee 


89 54 308. 
2 0 
89 52 30 
4+ 12 42 
90 5 12 
90 


0 5 12S. 
723 9S, 


7 28 218. 


_ 


* When the horizon-glass of the Instrument has not been adjusted, so as to be parallel to 
the index-glass when 0 in the nonius is at 0 in the arch, the observed altitude is in all cases to 
be corrected for the Index Error.—See Description and Use of the Quadrant or Sextant. 
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EXAMPLES FOR EXERCISE. 


1. January 15, 1866, in longitude 149°? 50’ E., the meridian altitude of 
the Sun’s upper limb was 33°44 45”, the observer being North of the 
sun, the height of his eye 14 feet, and the error of the instrument 2° 30” 
to add: required the latitude. 

Answer. 35° 52’ 51” North. 


2. December 3, 1866, in longitude 63° 18’ E., the meridian altitude of 
the Sun’s lower limb was 64° 45’ 15", North of the observer, the height of 
his eye being 20 feet, and index error 1/10” to subtract: required the 
latitude. 

Answer. 47° 10’ 21” South. 


3. August 30, 1866, in longitude 129° 15’ W., the meridian altitude of 
the Sun’s lower limb was 57° 18’ 30’, the observer being North of the sun, 
the height of his eye 18 feet, and index error 0’ 45” +: required the latitude. 

Answer. 41° 21’ 59” North. 


4. March 20, 1866, in longitude 94° 45’ W., the meridian altitude of 
the Sun’s lower limb was 89° 43’ 25” South of the observer, the height of 
- his eye being 12 feet, and the index error 2’ 20”to add: required the latitude. 
Answer. On the Equator. 


5. September 23, 1866, in longitude 168° 10’E., the meridian altitude 
of the Sun’s lower limb was 84° 48’ 5U”, the zenith being South of the sun, 
the height of the observer's eye 24 feet, and the index error 0’40” to subtract: 
required the latitude. 

Answer. 4° 54° 33" South. 


6. March 10, 1866, in longitude 89° 30’ W., the meridian altitude of 
the Sun’s lower limb was 14° 28’ 35" S., the height of the eye being 30 
feet, the distance of the land under the suu 1} miles, and the index error 
1’ 15" to add: required the latitude. 

Answer. 71° 33’ 9” North. 


To find the Latitude by the Meridian Altitude of a Star.* 


Rutz. Take out the star’s declination from Table XIII., and reduce 
it to the time of observation. From the observed altitude of the star sub- 
tract the dip and refraction, taken from ‘ables V. and LV., (or subtract 
the correction taken from Table X V.,) and the remainder will be the star’s 
true altitude, which subtracted from 90”, will give the zenith distance; to 
be called North or South, according as the observer is north or south, o1 
the star at the time of observation. 

Then, if the zenith distance and declination be both north, or both 
south, add them together; but if one be north, and the other south, sub- 
tract the less from the greater, and the sum, or difference, will be the 
latitude of the same name with the greater. 


* For the method of finding the time of a star’s passing the meridian, see the Explanation 
to Table XLIV.; also the Explanation to Table XLVI., where directions are given for finding 
what star is on or near the meridian, and for observing its altitude, 
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EXAMPLE I. 


January 24, 1866, about 8 o’clock in the 
evening, the meridian altitude of the star 
ALDEBARAN was 52°36/0", the observer being 
North of the star, and the height of his eye 
20 feet: required the latitude. 


ON FINDING THE LATITUDE BY A MERIDIAN ALTITUDE. 


EXAMPLE II. 


July 16, 1866, about 3 o'clock in the morning, 
the meridian altitude of the star FOMALHAUT 
was 73° 36' 0” South of the observer, the height 
of his eye being 24 feet, and index error 1' 40” 
to add: required the latitude. 


‘ u ° , u“ 
Dec. of Aldebaran, Jan 1860... 16 13 28N. Dec. of Fomalhaut, Jan. 1860... 30 21 468, 
Ann. var. + 7”.67 X6 =46”.02= + 46 An.var —18”.96 K6§=—123".24= — 2 3 
Dec. of Aldebaran, Jan. 1866... 16 14 14N. Dec. of Fomalhaut, July, 1866... 30 19 43S. 
° oa: °o / 4“ 
Obs. alt. of Aldebaran .......0... 52 36 0 Obs. alt. of Fomalhaut ........+0e 73 36 OS. 
Dip of horizon (Table V.) .....— 4 17 Index error tO add .sessscoseoveee f- 1 40 
App. alt. of Aldebaran ........00. 52 31 43 73 37 40 
Refraction (Table [V.)......00-0. — 0 43 Corr. from Table XV. — 4..9= — 4 54 
True alt of Aldebaran......c.«+« 52 31 0 True alt. of Fomalhaut.......00.. 73 32 46 
90 90 
Star’s zenith distance ........ eee OF 29 ON. Star’s zenith distance ....cccco... 16 27 14N. 
Star’s declination, Jan. 1866 ... 16 14 14.N. Star's declination, July, 1866... 30 19 438. 
Latitude Seeeeree eee eeteneresaeeesseree 53 43 14 N. Latitude is hiswncccnnetndccde ee 13 52 29 Ss. 


EXAMPLES FOR EXERCISE. 


1. April 6, 1866, at about 9h. P.M., the meridian altitude of the Star - 
Recutus was 50° 14° 20" South of the observer, the height of his eye being 
18 feet, and index error 1’ 15” to add: required the latitude. 

Answer. 52? 26° 26" North. 


2. December 26, 1866, at about Oh 16m. A.M., the meridian altitude of 
the Star Sirius was 36° 28’ 30”, the observer being North of the star, the 
height of his eye 14 feet, and index error — 0’ 45”: required the latitude. 

Answer. 387° 4 58” North. 


3. March 25, 1866, at about 4h. 16m. A.M., the meridian altitude of 
the Star Antares was 71° 49’ 45” N., the height of the eye being 22 feet, 
and the index error of the instrument + 2’ 10”: required the latitude. 

Answer. 44° 20’ 49” South. 


To find the Latitude by Meridian Altitude of a Planet. 


Rutz. From the observed altitude of the planet subtract the dip and 
refraction, and to the remainder add the parallax in altitude: the result 
will be the true altitude of the planet, which, subtracted from 90° will give 
the zenith distance, as before, and under this set the declination, reduced to 
Greenwich mean time*; then the sum, or difference of the zenith distance 
and declination, according as they are of the same or contrary name, will 
give the latitude, of the same name with the greater. . 


* The Rule reducing the time at the place of observation, to the corresponding time at 
Greenwich, is given in page 155, 
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Nore. The time of the meridian passige, together with the geocentric 
declination and other elements of the planets, are given for Greenwich 
mean time, in the Nautical Almanac for 1866, from Paves 252 to 3U0.* 
The declination is to be reduced to the time of observation at the meridian 
of Greenwich, by hourly variation as given in the Nautical Almanac for 
each planet respectively: or by Table XXXIII., as shewn in the 
I-xplanation of that Table. 

‘Lhe horizontal parallaxes of the planets for Greenwich mean noon, are 
contained in the Nautical Almanac for 1866, in Pages 302 to 3238, from 
which the parallax in altitude is to be found by Table XLVIII. 

EXAMPLE I. 


November 13th, 1866, a.m at ship in longitude 109° 45° E., suppose 
the meridian altitude of the planet Mars’ to be 67° 47 40”, the observer 
being north of the planet, and the height of his eye 18 feet, with the index 
error 1’ 10” to add: required the latitude. 

In Page 277 of the Nautical Almanac, the mean time of the planet. 
Mars’ passage over the meridian of Greenwich, on the preceding day, 1s 
found to be 16h. 34m.;+ and in Page 313, his horizontal parallax is 9”. 8. 


h. m. DAT Se 
Mean time at ship .....-...... 16 34 Nov. 12> Obs. meridian altitude of Mars, 67 47 40 
Long. 1U9'45 in time (XIX) 7 19 E. Index CLTOr .,..cces-sscccseresccenice “f 1-10 
Mean time at Greenwich ... 9 15 Nov. 12 Corr. meridian altitude of Mars 67 48 50 
Dip of the horizon .........seecen0. —-— 4 4 
othe Ut Alga Bie Ln 
Dec. of Mars, Nov. 12 22 20 12 N. . 67 44 46 
Dec. of Mars, Nov. 13 22 19 49 N. Refraction (IV. or XVIIL) ...... — 23 
Var. of dec. in 24 hrs. 0 23 Log.1.7966 Apparent altitude of Mars ...... 67 44 23 
_ Parallax in altitude (XLYIII.)... + 4 
Greenwich mean time 9h. 15m. Log.0. 4141 —_—_—- 
artnet True altitude of Mars ......s0000. 67 44 27 
Var.of dec.in9h.15m. — 0 9 Log.2.2107 90 
Dec. of Mars, Nov. 12 22 20 12 N. —- 
True meridian zenith distance ... 22 15 33N.° 
Declin, at Greenwich | 59 20 3N Declination at Greenwich time... 22 20 3N. 


MEAN TIME eeerecene f 


Latitude SSO CCC SSH + ES SET SSS SESS SBGE88 44 35 36 N. 


EXAMPLE II. 


August 12, 1866, in longitude 120° 30’ W., suppose the meridian 
altitude of the planet Venus to be 76°38’ 30”S., the height of the observer's 
eye being 24 feet, with index error 1’ 25” —: required the latitude. 

In Page 266 of the Nautical.Almanac, the mean time of the planet 
Venus’ passage over the meridian of Greenwich, on the given day, is found 
to be 2h. 39m. ; and in Page 309, her horizontal parallax is 8’.2. | 


* For further explanation of the Ephemeris of the planets, vide Pages 53i, 532, and 533 
of the Nautical Almanac for 1866. 
+ The time of the planet’s meridian passage, in the Nautical Almanac, being given to the 


meridian of Greenwich, it ought in strictness to be reduced to the time of its passage over the 
meridian of the place of observation ; but it will be sufficiently exact, for a'l nautical purposes, 
to take the time for the astronomical day, as predicted in the Almanac, the deviation being ouly 
a few seconds from the truth. If an observation be taken in the forenoon the astronumica} 


date of the preceding day must be used. © B 
B 
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h. m. 
Mean time at ship............ 2 39 Aug. 
Long. 120° 30'in time(XIX) 8 2 W. 


12. 


Mean time at Greenwich ... 10 41 Aug. 12. 


° a 


Dec.of Venus,Aug.12 0 9 22 N. 


ON FINDING THE LATITUDE BY A MERIDIAN 


ALTITUDE. 


oefl ” 


Obs. meridian altitude of Venus 76 38 30 S. 
Index'ertor eT SR a — J] 25 


Corr. meridian altitude of Venus 76 37 5 
Dip of the horizon ......... coccee — 4 42 


ee 


76 32 23 


— 13 


«- 76 32 10 
+ 2 


76 32 12 
90 


Dev.of Venus,Aug.13 0 21 26 S. Refraction (IV. or XVIII)... 


Apparent altitnde of Venus 
Parallax in altitude .XLVIII.) 


Var. of declin. in 24h. 30 48 


2 \- 


15 24 Log. 0.1927 
Greenwich mean time 10h.4]1m. Log. 0.3515 
° 


‘ “ 


True altitude of Venus 


eer eeecer 


13 27 48N. 
0 4 208, 


————— 


13 23 28N, 


0 6 51 Log. 0.5442 
| 


ee 


Variationin1]0h.4Im. — 13 42 
Dec. of Venus,Aug.12 0 9 22 N, 


True meridian zenith distance... 
Declin of Venus at Green. time 


Latitude POFSSO TOSSES SEH EOE EOHEOOS + as 


Venus'dec.Green time 0 4 20S. 


EXAMPLES FOR EXERCISE. 

1. July 8, 1866, a.m., at ship in longitude 88° 30° E., suppose the 
meridian altitude of the planet Mars to be 67° 44’ 35” N., the height of 
the observer's eye 18 feet, and the index error of the sextant 1’ 20" to add: 
required the latitude. 

Answer. 65° 56’ 33”S. | 

2. March 18, 1866, in longitude 98° 30’ W., suppose the meridian 
altitude of the planet Venus to be 50° 20’ 30”, the observer being south of 
the planet, and the height of his eye 20 feet, with index error of the 
sextant 1’ 10” to subtract: required the latitude 

Answer. 39’ 43’ 8”S. 

To find the Latitude by the Meridian Altitude of the Moon. 

Rule 1. In Page IV. of the month in the Nautical Almanac, find the 
mean time of the moon’s passing the meridian of Greenwich on the 
astronomical day,* which reduce to the time of her passing the meridian 
of the ship by Table XVI. 

2. With the above time, and the ship’s longitude, find the corresponding 
Greenwich mean time, as directed in Page 155. 

3. From Page III. of the month in the Nautical Almanac, take out 
the moon’s semidiameter and horizontal parallax, and reduce them to the 
mean time at Greenwich; and to the semidiameter add the moon’s 
augmentation, taken from Table VII. 


* If the altitude be taken in the forenoon the meridian passage must be taken out for the 
preceding day. 

t The moon’s horizontal parallax and semidiameter are reduced to the time at Greenwich 
thus :—Take them out for the nearest noon or midnight before and after the Greenwich time, 
and find their difference; then say, for each, as 12 hours is to the difference in 12 hours, so 
is the Greenwich time since the preceding noon or midnight, to a proportional part; which 
being added to, or subtracted from, the horizontal parallax and semidiameter, at the preceding 
noon or midnight, according as they are increasing or decreasing, will give them reduced 
to the time of observation; or the proportional parts may be taken out. by inspection from 
Table LV. But, in general, it will be sufficiently exact to take them out for the nearest 
noon or midnight, without applying the proportional parts. 
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4. Froin the ovserved altitude «corrected for index error, if any) sub- 
tract the dip of the norizon (Table V.), and to the remainder add the moon's 
augmented semidiameter, when the lower limb is observed ; or subtract it 
if the upper limb be taken ; the result will be the apparent altitude of the 
moon’s centre. 

5. From Table X XX. take out the correction answering to the moon’s 
apparent altitude and horizontal parallax, and add it to the apparent altitude; 
the sum will be the true altitude of the moon’s centre, which, subtracted 
from 90 degrees will give the zenith distance, to be called North or South, 
according as the observer is north or south of the moon: under this set 
the moon’s declination, taken from Pages V. to XI. of the month in the 
Nautical Almanac, for the given day and hour at Greenwich, and reduced 
to the mean time at Greenwich, by Table XLVII.* Now the sum, or 
difference of the zenith distance and declination, according as they are of 
the same or contrary names, will give the latitude of the place of observa- 
tion, of the same name with the greater. 

EXAMPLE I. 


May 21, 1866, in longitude 84° 45’ E., suppose the meridian altitude of 
the Moon’s lower limb to be 68° 42’ 20”, the observer being north of the 
moon, and the height of his eye 24 feet: required the latitude. 


h. m. 
Moon’s mer. passage at Greenwich, 6 25 
Daily var. 47™ 5, aud long. 84° 45’ E. — 11 


In Page III. of May in the Naut. Almanac, 
the Moon’s semidiam. at noon 2\Ist, is 15' 21” 5 
and the horizontal parallax 56 15”.('Table LY.) 

° 4 “ 


68 42 20 
4 42 


Obs. alt. moon’s lower limb...... 


Moon’s merid. passage at the ship.. 6 14 
Dip of the horizon  .......0..0. 0s 


Long. of ship 84° 45’ in time (XIX.) 5 39 E. 


68 37 38 
+ 15 36 


0 35 App. alt. moon’s lower limb ... 
Moon’s semidiam, + 15’ 21” ) 


Augmentation (VII.) + 15 f 


Mean time at Greenwich May 21... 


° / ” 


y’sdec. May2l,at0h. 7 59 50 N. nie taplane 
Y's dec. May 21at th. 7 50 42 N.(P-X.N.A.) . 68 53 14 


+ 19 54 


App. altitude moon’s centre . 
Cor. Tab. X XX. hor. par. 56’ 15” 


9 8 Log. 0.8175 em 


69 13 8 
90 


Variation in ] hour... 
True altitude moon’s centre ... 


Minutes after 0 hour, 35m. 0s. Log. 0. 2341 
° ‘ft 


20 46 52N, 
7 54 30N. 


Moon’s true zenith distance ... 


Var. of dec.in35min. — 5 20f Log. 1.0516 
Moon’s dec, at Greenwich time 


b’s dec. May 2l,atOh. 7 59 50 N. 


28 41 22N. 


Latitude 


SOCHST Coe HAST OS LOS See FES ERE 


}’s decline at Green- 7 54 30 N 
wich mean time... 


EXAMPLE II. 


November 27, 1866, a.m, at ship in longitude 56° 30’ W., suppose the 
meridian altitude of the Moon’s upper limb to be 57° 45’ 50”, the observer 
being south of the moon, and the height of his eye 20 feet, with index 
error 1’ 15” to subtract: required the latitude. 


* See the Explanation of this Table, with Examples. 

+ The variation or change in the moon’s declination for the minutes past the given hour 
of Greenwich mean time, may be also found by multiplying the number noted in the Nautical] 
Almanac, in the column headed ** diff. dec. for 11m.” opposite the declination for the preceding 
hour (placing the decimal point one figure to the left of that shewn in the N. A.) by the given . 
number of minutes. Thus, 9.117 * 35m. = 319”.095 = 5’ 19” for the corr. in 35m, 
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h, m. 
Moon’s mer. passage at Greenwich... 16 24 
Daily var. 52 .1 & long. 56°30’ W. + 8 


Moon’s merid. passage at the ship ... 16 32 


Long. of ship 56° 30’ in time (XIX.) 3 46W. 


Mean time at Greenwich, Nov. 26... 20 18 


13 24 15N. 
13 16 38 NPXLN-A) 


7 37 Log. 0. 8964 


18m. 0s. Log. 0. 5229 


)’s dec. Nov. 26, at20h. 
)’sdec Nov. 26,at2Lh. 


Variation in 1 hour... 


Minutes after 20 hours 


4‘ ou ee 
— 2 17 Log. 1.4193 
13 24 15 N. 


— 


13 21 58N. 


ee 


-Var. of dec. in 18 min.* 
-)’s dec. Nov. 26,at 20h. 


>’s declin. at Green- 
wich mean time... 


* Or, the pro. part of declin. may be found thus: 
Var. ofdec. in lm. = 7,587 X lom = 1367.566 = 2/17”, 


ON FINDING TITE LATITUDE B-- 


A MERIDIAN ALTITUDE. 


In page III. of November in the Nautical 
Almanac, the moon’s semidiam. on the 26th 
at 20h. 18m. Greenwich time, is 15’ 58”, and the 
horizontal parallax 58’ 34”. (Table LV.) 


Obs. alt. of moon’s upper limb, 57 45 50 
Index error to subtract — 115 


57 44 35 
417 


57 40 18 
— 16 12 


57 24 6 
+ 30 57 


57 55 3 
90 


eeeeesocs 


Dip of the horizon cseccc.sseoeeee — 
App. alt. moon’s upper limb...... 
Moon's semidiam, — 15’ 58” 
Augmentation (VIL.) + 14 


App. alt. of moon’s centre ...... 
Cor. Tab. XXX. hor. par. 58’ 34” 


True altitude of moon’s centre, 


32 4 57S. 
13 21 58 N. 


18 42 59 S, 


Moon’s true zenith distance ... 
Moon’s dec. at Greenwich time, 


Latitude SOS CSHCES SSO SSO SSEOSHLOF SES 


EXAMPLE III, 


August 13, 1866, in longitude 60° 30’ W., suppose the meridian 
altitude of the Moon’s lower limb to be 77° 47’ 40" S., the height of the 
observer's eye 12 feet, and the index error of the sextant 2° 10” to add ° 


required the latitude. 


hm. 
Moon’s mer. passage at Greenwich, 2 21 
Daily var. 45", 2 and long. 60°30’W. + 7 


Moon’s merid. passage at the ship... 2 28 


Long. of ship 60° 30° in time (XIX.) 4 2W. 


Mean time at Greenwich, Aug. 13 6 30 


» *s dec. Aug. 13, at 6h. 0 136N., 
)*sdec. Aug. 13,at 7h. 0 8 218, PXLN-A) 


Variation in 1 hour... ay 57 Log. 0. 7803 
Minutes after 6 hours, 30m. Os. Log. 0. 3010 


—_—_——- 


Var. of dec. in 30min.+ vacedan® Log. 1.0813 


> sdec. Aug. 13, at6h. 0 1 36N. 
d's declin. at Ait 0 3238S. 
wich mean time... 


+ Or, the pro. part of declin. may be found thus: 
Var. of dec. in lm, = 97.951 x 30m. = 298".53 = 4/59”, 


Dip of the horizon @eecseseceseseoe ~~ 


In Page III. of August in the Nautical 
Almanac, the moon’s semidiam.on the 13th, 
at 6h. 30m. Greenwich time is 15’ 16’, and 
the horizontal parallax 55’ 57”. (Table LV.) 


° / 
Obs. alt. of moon’s lower limb... 77 47 40 Ss. 
Index error t0 add ....cccccsseeee F 2 10 
77 49 50 
3 19 


77 46 31 
+ 15 31 


ee ee 


78 2 2 
+ 11 24 


App. alt. of moon’s lower limb... 
Moon’s semidiam. + 15’ 16” 
Augmentation (VII.) + 15 


App. alt. of moon’s centre ...... 

Cor. Tab. XXX. hor. par. 55! 57” 

78 13 26 

90 

ll 46 34N. 
0 3238 


1l 43 Li N. 


True altitude of moon’s centre 
Moon’s true zenith distance ... 
Moon’s dec. at Greenwich time 


Latitude 


SCOSHCHSE TOL SSS SEL Oaseserese 
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EXAMPLES FOR EXERCISE. 


1. July 4, 1866, A.M.: at ship, in longitude 104° W., the meridian 
altitude of the Moon’s lower limb was 57° 82’ 20", the observer north of 
the moon, and the height of his eye 18 feet, with index error 1’ 20” to 
add: required the latitude. 

Answer. 31° 43’ 46" North. 

_%. November 14, 1862, in longitude 137° 0’ E., the meridian altitude of 
tiie Moon’s upper limb being 72° 48’ 50’ S., the height of the observer’s 
eye 24 feet, and index error 1’ 15” to subtract: required the latitude. 

Answer. 2° 49’ 19” North. 


To find the Latitude by a Meridian Altitude below the Pole. 


When the complement of the declination of an object is less than the 
latitude of a place, and they are both of the same name, the object comes 
to the opposite meridian without setting at that place, and in this case is 
said to be on the meridian below the pole ; if the altitude be then taken, 
the latitude may thence be found as follows :— 

Rute. Correct the declination and observed altitude, as before; then 
to the true altitude add the complement of the declination (found by sub- 
tracting the declination from 90°): the sum will be the latitude, of the 


same name with the declination. 


EXAMPLE I. 

June 28,1866, in longitude 126° W., the me- 
ridian altitude of the Sun’s lower limb, at mid- 
night,was 6°30 15”, the height of the observer’s 
eye being 20 feet : required the pagrus 

- Mm. 
Apparent time at ship ......ccccece ae Pe 
Long 126° in time (Table XIX.)... 8 24W. 


Apparent time at Greenwich......... 


°o ‘ “/ 
Sun’s declin. June 28, at noon 
(page 1. Nautical Adit 23:17 41N. 
Corr. for 20h. 24m.(Table XXI-) — 2 50 
Sun’s declin. at Greenwich time 23 14 51 N. 
90 


66 45 9N. 


° / “ 


Obs alt of sun’s lower limb ... 6 30 15 
Dip of the horizon ..........0000. — 4 17 
App alt. of sun’s lower limb. ... 6 25 58 
Refr.—parallax (Table XVIII.) — 7 47 


6 18 ll 
+ 15 46 
True altitude of sun’s centre .. 6 33 57 
Sun’s Co. deciination ....cc-e0.0. 6645 ON. 


Sun’s Co. declination ........seee 


True alt. of sun’s lower limb ... 
Sun's semidiameter  ..-....0.cecces 


Reisen Mier es 313s. Suse bvabedsdiedch’ aa 19 6N. 


EXAMPLE II. 

July 26, 1866, the altitude of the star 
DusnueE in Ursa Major, when on the meridian 
below the Pole, was 21° 14’ 0”, the height of 
the observer’s eye being |6 feet, and the index 
error + 1’ 30”: required the latitude. 

By Table XLIV. the time of Dubhe’s pass- 
ing the meridian above the Pole is 2h.31m. 
P.M.; therefore 12h. after that time, or 
about 2h. 3lm. A.M., it will be on the 
meridian below the Pole. 


° 4 “ 
Declin. of Dubhe, Jan. 1870 ... 62 30 21N. 
An. var — 19.35 X64=125".77= — 2 6 
Declins of Dubhe, July 1862 ... 62 28 15 N. 

90 
Star’s Co. declination ... . .... 27 31 45N. 

or wa 
Obs. altitude of Dubhe............ 21 14 0 
Index error ....... muveeutosake ded « + 1 30 

21 15 30 
Dip of the horizon ..........0002 — 3 50 
App. altitude of Dubhe ......... 21 11 40 
Refraction Seddncessienice cosnereasene —_ 2 26 
True altitude of Dubhe ......... 21 § 14 
Star’s Co. declination .......00+0. 


27 31 45N. 
48 40 59N, 


——— 


Latitude.. COC eer eer oeEseeESEsOEeeeser 


190 ON FINDING THE LATITUDE BY THE POLAR STAR, 


EXAMPLES FOR EXERCISE. 


1. July 13, 1866, in longitude 76° 30’ W., the altitude of the Sun’s 
lower limb, when on the meridian below the Pole, was 8° 26’ 2u" S., the 
height of the observer’s eye being 10 feet, and the index error + 3’ i 5” 
required the latitude. 

Answer. %6° 51/49” North. 


2, August 22, 1866, at about 8h. A. M., the Starz in Crux being on 
the meridian below the Pole, its altitude was observed to be 17° 32 10’, 
the height of the observer's eye being 18 feet, and the index error — 2 25": 
required the latitude. 

Answer. 45° 1’ 9’ South. 


To find the Latitude by an altitude of the Polar Star. 


Ruce. To the Sun’s right ascension, taken from Table XIV., add the 
time since noon when the altitude was observed: their sum (rejecting 24 
hours, if it exceed that quantity) will be the right ascension of the meri- 
dian, with which enter Table X VII , and add the corresponding correction 
to, or subtract it from, the star’s true altitude, as directed in the ‘lable: 
the sum, or remainder, will be the approximate latitude, to which add the 
correction, taken from Table X VII.*, and the sum will be the latitude, 
always North.t 


EXAMPLE I. EXAMPLE IL. | 
May 21, 1866, in longitude 22° 25’ W., at January 16, 1866, in longitude 50° 15’ E., at 
16h. 10m. P.M., mean time, suppose the alt. 9h. 38m. P. M., mean time, suppose the altitude of 
of the PoLaR Star to be 50? 18’ 10’, the the PoLaR STAR (being corrected for index error, dip 
heixht of the eye being 20 feet, and index of the horizon, and refraction) to be 67° 30' 22”: 


error + I’ 10”; required the latitude. required the latitude. : 
. m. -m, 
Sun’s right ascension, May 21.... 3 Sl Mean time at the ship....... coseeee 9 38 Jan. 16. 
Time of observation ........000. 10 10 Long. of the ship 50° 15'in time .... 3 21 E. 
Right ascension of meridian...... 14 1 Mean time at Greenwich......+...-. 6 17 Jan. 16. 
Quhe iw h. m, s. 

Obs. altitude of polar star .... 50 18 10 Sidereal time,mean noon,Greenwich,Jan. | 19 42 47 
Index error toadd .......... + 1 10 (p- H. Nant. Alnm)y.. cisco ceeenes oF i 

Mean time at the ship ....+++-eeeees pone ce 


50 19 20 Acceleration for 6h, 17m. (p. 502, N.A.).. + 1 2 
Dip of horizon @eerveeceoeseoseee —— 417 


Sider! time of obs, (subtract 24h.) ...+6. 5 21 49 


50 15 3 

MEGITUCUION oe CSOs Cals c cee cts * — 47 , “ 
—__—- Star’s corrected altitude (as above) .... 67 30 22 
Star’s true altitude ......... . 50 14 16 Subtract for correction ....eee+eeeevees — 10 
Correction from Table XVII. +1 22 0 nents 
— Star’s reduced altitude... ........+0.0+ 67 29 22 
Approximate latitude ........ 51 36 16 First corr. for 5h. 22m. (p. 499, N.A.).. — 38 8 
Corr.fromTab. X VII.*-+-0'.2= + 12 —_——— 
66 51 14 
Latitude ....cceeeeeeeeeeee OL 36 2BN. Second corr. for 5h, 22m. and alt. 67°30' + 1 58 
— Third corr. for 5h. 22m. Jan. 16... + 0 45 
e ‘ “7 ——— 

+ l.at. by Naut. Alm, method.. 51 36 7N. Latitude.......... cece eeeeeeees sone U0 Geo ee 


+ In the Nautical Almanac for 1866, Rules and Tables are given for finding the latitude by a} 
eititude of the Polar Star to the nearest second.— Vide pp. 542 and 543 with an Kxample. 
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The nearer the star is to the meridian, either above or below the Pole, 
when the observation is made, the less will be the error in latitude, arising 
from an error in the supposed time. The time of the star’s passing the 
meridian may be easily obtained by consulting Table XLIV.; see aiso the 
Explanation to that Table. 


EXAMPLES FOR EXERCISE. 


- 1. September 6, 1866, in longitude 38° 30’ W., at 11h. 51m. P. M., 
_ mean time, suppose the altitude of the Potar Srar to be 30° 30’ 25", the 

height of the observer’s eye being 22 feet, and the index error + 2 20”: 
required the latitude. 

Auswer. 29°18" 20’ North.—By the N. A. method, 29° 17’ 3" N, 

2. March 11, 1866, in longitude 88° 30’ E., at 15h. 30m. past noon, 
mean time, suppose the altitude of the Potar Srar to be 70° 26° 30”, the 
height of the observer’s eye being 18 feet: and index error — 1’ 30": 


required the latitude. 
Answer. %1° 37’17"North.—By the N. A. method, T1°37T’43’ N. 


To find the Latitude by two observed Altitudes of the Sun, and the Time 
elapsed between the Observations ; having also the Latitude by Account, 
and the Sun’s Declination when the greater altitude was taken. 


Rute 1. To the log. secant of the latitude by account (XXV.), add 
the log. secant of the sun’s declination ; their sum, rejecting 20 from the 
index, call the log. ratio. 

2. From the natura! sine of the greater altitude (X XVI.) subtract the 
natural sine of the less altitude, and set the logarithm of their difference 
(X XIV.) under the Iog. ratio. 

3. Take out the logarithms answering to half the elapsed time(X XVII.), 
and set it likewise under the log. ratio. 

4. Add these three logarithms together, and find the middle time corre- 

pending to their sum (X XVIII.), the difference between which and 
the half-elapsed time, will be the time from noon when the greater altitude 
was observed.* 
5. From the log. rising, answering to this time (X XIX_), subtract the 
log. ratio, and the remainder will be the logarithm of a natural number 
(XXIV.); which being found, and added to the natural sine of the 
greater altitude, their sum will be the natural co-sine of the meridian 
zenith distance (X XVI.) 

6. Having found the meridian zenith distance, apply to it the reduced 
declination, as directed in Page 180, and the result will be the latitude at 
the time of taking the greater altitude. 

7. If the latitude thus found, should differ considerably from the latitude 
by account, the operation is to be repeated, using the computed latitude 


* When the middle time is greater than the half-elapsed time, both ebservations will be 
on the same side cf the meridian; otherwise, on different sides. ‘ 
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instead of that by account, until the latitude last found agree nearly with 
the latitude used in the computation.* 


Remarks on the Times of Observation. 


As the above method is only an approximation to the truth, it must be 
used under the following restrictions, viz 

The observations must be taken between nine o'clock in the forenoon and 
three in the afternoon. If both observations be in the forenoon, or both 
in the afternoon, the elapsed time must not be less than the time from noon 
when the greater altitude is taken. If one observation be taken in the fore- 
noon, and the other in the afternoon, the elapsed time must not exceed 
four hous and a half; and in all cases, the nearer the greater altitude is to 
noon, the better. 

If the sun’s meridian zenith distance + be less than the latitude, the limit- 
ations are still more contracted. If the latitude be double the meridian 
zenith distance, the observations must be taken between half past nine in 
the forenoon, and half past two in the afternoon; and the’ interval, or 
elapsed time, must not exceed three hours and a half. The observations 
must be taken still nearer to noon, if the latitude exceed the meridian’ 
zenith distance in a greater proportion. 


EXAMPLE I. 


May 22, 1866, in latitude 41° 44’ N. by account, at 1]h. 28m. in the 
enoon, the true altitude of the sun’s centre was 67° 16’, and at Oh. 
24m. 40s. P. M. it was 68° 24’: required the true latituae. 


Times. Altitudes. Nat. Sines. Lat. by ace... 41° 44'...Secant 0.12712 
Litem. Us..A. MM. 3..:.67° 16 \csacee 92231 Declination... 20 24 ..Secant 0.02813 
0 724) 40% Poe. 4.968 i24e255. 92978 
peat L0G TAO sadnanuogs cccceccevee 0.15525 
0 56 40 Lift.) |) a aioseseusacrteha ventaes Litiy.. csscescagiees ae -- 2.87332 


0 28 20 Half-elapsed time ove sos ceccecgscosccesencesccsesscses cee] sOpe eeercesseseersesseseos 0. 90899 
0 9 55 Middle time @eeeoeoreesese eeeceervese Seeserceoreoseeeeeesesses Log. eeeseeeeeseeeceoteseee 3. 93756 


0 18 95 Time from noon vadlddeocasesescedsccbenstecesnter LAMIs rising eceeseesoerecert eres 2. 50879 
Log. TOtiG.ssicecceuss venmueeee 0. 15595 


Natural number seeseeses 226 eeeres eile idiel dea uae Seeseeesesessessoeees 2. 35354 ! 
Natural sine of greater altitude ... 92978 a 


Nat. co. sine of mer. zen. dist....... 93204 — 21° 15’ N. 
Declination 20 24 N. 


Latitude... 41 39 N. 


* Dr. Brinkley, Professor of Astronomy in the University of Dublin, has published a 
Set of Rules for solving this Problem, which are annexed to the Nautical Almanac for the © 
year 1822. 


+ The meridian zenith distance is equal to the sum of the latitude and declination, when 
they are of contrary names; or their difference, when of the same name. | 
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EXAMPLE II. 


August 9, 1866, in latitude 50° 39’ N. by account, at 11h. 36m. 29s. 
in the forenoon, the altitude of the sun’s lower limb was 53° 18’; and at 
lh. 13m. 53s. in the afternoon, its altitude was 51° 59’, the height of the 
observer's eye being 26 feet: required the true latitude. 


° ‘ “" o oF ” 


First obs. alt. of sun’s lower limb... 53 18 0 Second obs. alt. of sun’s lower limb. 5] 59 0O 
Corr. from Table 1X. + 10°.1 =... + 10 6 Corr.from Table IX. + 10’..1 = + 10 6 


True altitude of sun’s centre ...... 53 28 6 True altitude of sun’s centre ..... 52 9 6 


Times. Altitudes. Nat.Sines. Lat. by acc... 50°39’ ...Secant 0.19787 
12h. Om. Os. Titec O-secantsas ODO Declination. ...... 15 52 ..Secant 0.01€87 
Pr 36° 20A.M. 52 9D ieceercee 78962 wee 

a Log. ratio eeereseeseeooseesees 0. 21474 
23 31 Diff. 1389..... @eereoce ereceeroseoe Log. eeveseeesesseeeese 3. 14270 

1 13 53 Pi M. Leno tet apm ne 

| 37 24 Elapsed time 

0 48 42 Half elapsed time Seesecsessegrtecsesees seervessesceseetece Log. Sec oeereceeseeBteee 0. 67592 
0 12 23 Middle CUMNETceuccbeseececce erece eeeeereesresseescese e@eceesee Log. seesecscosseressese 4, 03E36 
0 36 19 Time from NOOM ceccvesccccccccccsspesevcessecsecser Log. FISUIMS coenkhscaemaseness 3. 09786 
— “Tee Log. ratio eeeeeesereessereos 0. 21474 
Natural number....esses 764 Geeeeerseseeseeersessesese Log. SCeecesscoseeosooces 2 88212 


Natural sine of greater altitude ... 80351 
Nat. co-sine of mer. zen. distance... 81115—35° 47’ N. 
Declination 15 52 N. 


Latitude... 51 39 N. 


As the latitude resulting from this computation differs 61’ from the 
latitude by account, the operation must be repeated, using the latitude last 
found, instead of the latitude by account. 


Latitude last found ......e..ec. 51° 39’ ...Secant 0.20728 


Tleclination scasecdseassoseccenacs 15 §2....Secant 0.01687 

Log. ratio .....0. scccsccoces 0, 22415 

Difference of natural sines ....... ceasdsonpael itonnshatescncscsnesse LOG siscsansnesacuasnsas reeked UO 
Half elapsed time.....0-.-e0e Oh. 48m. 428. sesseee overs eececceee ov eee LO. coves ccvscsooese 0. 67592 
Middle time Seceesceeceseeseee 0 12 39 SSSCSEHSSCSSSHSSSESSSe FESS EEEEe Log. eeece eeeevece eeecce 4, 04277 
Time from noon eeeecencaseee 0 36 3 @eeevescereeess wi uw Log. rising... @eeeseseee ee 3. 09148 
Seem Log. ratio eevcece eocccvecces 0. 22415 

Natural MUN elacceaskece eeeerceseeseseeeeses 737 eeoessenese . ... Log. SCS T>FCCSCLS SOree 2% 86733 


Natural sine of greater altitude ......... 80351 


Nat. coesine of mer. zen. Wistatiébinccas $1088 =—35° 49 N 
Declination 15 52 N 


—Sa eo 


Latitude... 51 41N, 


Cec 
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As this latitude differs only two miles from the latitude by the first 
operation, it may therefore be esteemed the true latitude. 

In the preceding examples both observations were supposed to be taken 
in the same place; but as this is seldom the case, it will be necessary, 
when the ship is making much way, and the elapsed time is considerabie, 
to correct the less altitude, in order to find what it would have been, had 
it been taken at the place where the greater altitude was observed ; which 
is to be done as follows : 

Let the bearing of the sun be observed by compass, at the time of 
taking the /ess a/titude, and find the number of points contained between 
that and the ship’s course by compass, between the observations, corrected 
for lee-way,. if she make any, which subtract from 16, when it is more than 
8 points ; likewise compute the distance run during the elapsed time: with 
these enter Table I., and find the corresponding difference of latitude, 
which will be the correction for the change of station. 

If the less altitude be observed in the forenoon, the correction is to be 
added to it, if the above angle be less than 8 points ;_ but when it is more, 
to be subtracted. ; 

If the less altitude be observed in the afternoon, the correction is to be 
subtracted, if the angle be less than 8 points ; but when greater, it is to be 
added to the less altitude. 

The less altitude being thus corrected, proceed according to the Rule, 
and the result will be the latitude of the ship when the greater altitude was 
observed : and the uearer the latter is taken to noon, the better. 


EXAMPLE III. 

November 10, 1866, latitude by account 32° 32’ N., at 9h. 30m. A.M. 
the altitude of the suns lower limb was 28° 14’, the bearing of its centre by 
compass being S. KE. 4 E.; and at 11h. 17m. 42s. A. M. the altitude of the 
upper limb was 39° 8’; the height of the observer's eye being 18 feet, and the 
ship’s course between the observations S. by E., running 7 knots per hour ; 
required the latitude of the ship at the time of the latter observation. 


The elapsed time between the observations is nearly 1 hour 48 minutes, and her rate of 
sailing 7 miles per hour; therefore, as 1 hour: 7 miles: : lh.48m.: 12 miles, the distance 
run between the observations. 

Sun’s bearing at first observation, S. E. 4 E. or S. 4} Pts. E. 
Ship’s course during the elapsed time, S. by E. or S. 1 Pt. E. 


Angle between them.. ... 34 Pts.which being taken 
as a course, in Table I, and the distance run during the elapsed time 12 miles, as a distance, 
given in the latitude column 9.4 miles nearly, to be added to the less altitude, according to 
the above rule. 


o fr er ee 

Obs. alt. of sun's lower limb......... 28 14 0 Obs.alt of sun’s upper limb........ - 39 8 0 

Dip. of the horizon ...........sse00+¢ — 4 4 Dip. of the horizon.............cccceees -~ 44 

23 9 56 39 3 56 

Refraction—parallax .............+- — 1 38 Refraction—parallax...............0 - 13 

| 28 8 18 39 2 53 

Semidiameter from N.A............ + 16 12 Semidiameter from N.A.. ............ — 16 12 

True altitude of sun’s centre ..... 28 24 30 True altitude of sun’s centre ...... 38 46 41 
Corr. for ship’s way +9’. 3 =...... + 9 18 


Sun’s corrected altitude ......... .. 28 33 48 
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Times by Watch. True Alts, Nat. Sines. Lat. by acc. 32°32’ ...Secant 0.07413 
on o0m,. 0s. A.M....28° 34’ ...... 47818 Declination. 17 10 ...Secant 0.01979 
ll 17 442 A.M....38 47 ...... 62638 —— 
—_—-—- —_—_— TiO FALIO Yass ta ssased shecatavaeser 0-050 2 
1 47 42 Elapsed time. Disk 1 ABO icastinocaegats ies MOOG dines ccnnp dbvagsids <phobolars 4.17085 


0 53 5l Half-elapsed time connasscchos cbs nts coors-ssncesace LAs SOCCCESS SOSSESSSESSEEEESEEE 0. 63299 


1 33 6 Middle time SOSFCESSSSSHOSSSSESSSESS HOST EGET eSeseese we Ls0%sceccercccnccsoesccecccccees 4, 69776 


0 39 15 Time from NOON cceccccccceccccscccceseccovses LOL’. TIGLIAUZ sep saphedsostesun sense oe 16522 
LiOg. TALIO-scccvsseccescocses eccoee 0. 09392 


Natural number Bb eiceectccosuschcsdoaretecr LOZ. .occcocccccccccsecccccecees ae 07130 
Natural sine of greater altitude 62638 —_—_—— 


Nat. co-sine of mer. zen. dist...... 63816=50° 21! N, 
Declination... 17 10 S. SSSCSSHESSSOSESH SSO LS ESOS SESEEE Secant 0. 01979 


Latitude seecee shes 11 N. SOOSHSEOSSOC SES SOHSESSF+ESREG8 Secant 0. 07731 


Log. ratio eereeseeeeereeeeeesores. 0. 09710 

. m. 8. Diff. nat. sines L48o0 sees ceed eee coceee LOG. seeeeresetesccesee® cooecesses as 170685 
53 5] ; Half-elapsed ELINE...0 vecccsccccecscccosccccccccncocces LINZ. COS see eeeseeresoeeteseesses 0. 63299 
33 49 Middle time cenccccccessceocecses soc cesceccoccscces cee L/OZ. COSC CSS FTES ESEEOHESSEESESS- 89 4. 90094 

39 58 Time from noon cee coscccceccoccesccccocccsccs LOLs rising eeeceeteceseeocaosteeeeeeeoee 3. 18098 
LOg. TatiO ..-cccrescccceccccceevee . U9TIO 


ol=— op 


Natural number secece 1213. .ccccovessecersescee Life cocvcccoccccce cossecsccces oO. OSSES 
Natural sine of greater altitude ... 62638 


Nat. co-sine of mer. zen. dist....... 63851 = 50°19’ N. 
Declination ... 17 10 S. 


Latitude ...... 33 9 N. 


EXAMPLE IV. 


September 8, 1866, in latitude, 60° 10'S. by account, and longitude 
179° 45' E., the altitude of the sun’s lower limb was observed to be 19° 42’ 
at JOh. 4m. 20s. apparent time in the forenoon, his centre bearing N.N.E. 
by compass, and at lh. 32m. 36s. afternoon, it was 21- 8’ 10". The ship’s 
course during the elapsed time was S.W. by S., sailing at the rate of 
9 knots per hour, and the height of the observer's eye 16 feet: required 
the latitude of the ship at the time of taking the greater altitude 


hin? hr one 
App. time at ship at greateralt. 1 33+24 Sun’s dec. Sept. 7, by p.I. NA. 6 4 7 N_ 
Long. 179° 45’ in time (XIX.) 11 59 E. Corr. for 13h. 34m. (XXI._) «0.6. — 12 57 


Greenwich apparent time...... 13 34 Sept. 7. Sun’s dec. at Greenwich time ... 5 51 10 N 


Sun’s bearing, when the /east alt. was obs., N.N.E. = N. 2 Pts. E. 
Ship’s course during the elapsed time was S.W. byS. = N. 13 Pts. W. 
Angle between the ship’s course and sun’s bearing........-... 15 Points. 
16 
To be taken out a8 & COUTSE ssseseccscescesseseesees 1 Point. 


The elapsed time between the observations is nearly 3h. 28m., and her rate of sailing 9 miles 


an hour: then say, as [h.: 9m :: 3h. 28m.: 31m. distance run, which, in diff. lat. column 
give 30. 4m. to sub. from the less alt. as directed opposite. 


. Cc2 
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° c a S ‘ q 


First obs. alt. of sun’s lower limb... 19 42 0 Second obs. alt. of sun’s lower limb. 21 8 10 
Corr. from Table IX. + 9'.5=... + 9 30 Corr.from Table IX. + 9’..6=... + 9 36 


True altitude of sun’s centre ...... 19 51 30 True altitude of sun’s centre ... .. 21 17 36 
Corr. for ship’s way —30'.4 =...... — 30 24 —_— 


Sun’s corrected altitude ccccccocoere 19 21 6 


Times by 
Watch. True alts. Nat. Sines. Lat. by acc....... 60°10’ ...<Secant 0.30323 
12h. Om. Os. 19° 21’...... 33134 Declination. ...... 5 51 ...Secant 0.00227 


10 4 20A.M. 21 18 ......... 36325 


Log. ratio Seerseer seeeesersoe 0. 30520 
1 a5 40 Diff. BISA ccoccstdecsccscess. Log. eeeeeesecees seeecee 3.50393 
}1 32 36 P.M. 

3 28 16 Elapsed time 
l 44 8 Half elapsed time SPOHSSEHSSHHESHFHESTHSHOSSHSSHSEHESASHHOEEOES Log. Seecesscossererees 0. 35763 


0 16 51 Middle RUG sccecc ici vantecccasetes eeearvetsos eeesesoessaeceese Log. Seececscesseeorteoes 4, 16706 
1 27 17 Time from TNOOM eecceccvcccccoscccsecsccesccescesces Log. PISITU nccescscnssuenteen a 85521 
ar eee LOg. TAtIO ..ccccccceseesivee 0. 30550 
Natural number eeeses eee 3545 SeSoese tee SeSCoeeseeerees Log. Seeccescceceseoetisee ae 54971 


Natural sine of greater altitude ... 36325 


Nat. co-sine of mer. zen. distance... 39870=66° 30'S. 
Declination 5 51 N, csccocccessescsereserseesesSecant 0, 00227 


Latitude eee 60 39 Ss. Geccevtes deaseeecscee: METOOOIUG 0. 30968 


LOT YAGIO . seressnies csoecee 0.31195 
Ik. Tl. 8. Diff. nat. sines DIDT. Seis cdccadese dpdececsesecseo LIOR, Coerertocceersocces 3. 50383 
1 44 bd Half elapsed LING: ca veccescodecaccetesvere vevcccccccsesscccoeLs0f'e eeeeceeeeeseseoeese 0. 35763 


0 yy 6 Middle time ecoccascoccccccsscccenccccceccccsscesccccssccccee LINE. Seeeceseseseseecece 4, 17351 


ee eee 


l 27 2 Time from TOON coccercccccccccescvcececcetsccesosee Log. rising’... eoecses eecore 3. 85275 
Log. ratio Coeeeerecrereoeres 9. 3l 195 


Natural number eoccecceccoce 34 73 eeccce tes oe seecccoes .». Log. Soe rereeecceseores 3. 54070 
Natural sine of greater altitude ...... 36325 


Nat. co-sine of mer. zen. distance .....« 39798 =66° 33'S. 
Declination 5 51 N. 


—_— —= 


Latitude... 60 42 S. 


EXAMPLE V. 


May 6th, 1866, in latitude 29° 10’ S., and longitude by account 52° 0’ W. 
at 9h. 49m. 20s. by a chronometer*, the observed altitude of the sun’s 
upper limb was 45° 33’; and at 10h. 44m. 45s by the same chronometer, 
the observed altitude of his lower limb was 42° 8’ 40”, at which time 1t 
bore N. } E. by compass. The ship’s course between the observations was 


o~ 


* I'he chronometer is here used, for the purpose of measuring the elasped time more accu 
rately than by a common watch. 
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N. W.4N. on the starboard tack, running at the rate of 6 knots per 
hour, and making 1 point lee-way, the height of the observer’s eye being 
22 feet, and the apparent time at the meridian of the ship, when the greater 
altitude was observed, about lh. 20m. P. M. required the latitude of the 
ship when the greater altitude was taken. 


h. m. icy Agate 
App. time at ship at great.alt. 1 20May6. Sun’s declin., May 6, by N. A. 1682 54 .N 
Long. 52° 00’ in time (XIX.).... 3 28 W. Corr. for 4h. 48m (XXI.\...... + 3 25 


Greenwich apparent time ...... 4 48May6. Sun’s dec. at Greenwichtime.. 16 36 19 °N. 


The ship’s course N. W.4 N. corrected for 1 point leeway is N.W,$ W=N. 4¥ Pts. W. 
The sun’s bearing at the time of observing the lesser altitude was.......00. ae INe «Sik ba, Die 


Angle between the ship’s course and sun’s bearing iS ......seccecsesesseseeescereee OD Points, 


Distance run during the elapsed time 6m. give in the latitude column 3.3 miles, to be 
subtracted from the Jess altitude, as directed in page 194. 


°o / “7 © , /] 
Obs. alt. of sun’s wpper limb........- 45 33 0 Obs. alt. of sun’s lower limb......... 42 8 40 
Dip of the horizon ...........++++.4. — 430  Dip.of the horizon ...........cccccee - 430 
App. alt. of sun’s upper limb ...... 45 28 30 = App. alt. of sun’s lower limb ...... 42 4 10 
Refraction POP OO COH CHET FH SHOE E EEE ESOS ——j 56 Refraction COCO SP Mme SOCOOS OSS CeseER SES EES — 1 3 


True alt. of sun’s upper limb ...... 45 27 34 True alt. of sun’s lower limb ...... 42 3 7 


Sun’s semidiameter by N.A. ...... — 15 53 Sun’s semidiameter by N.A....... + 15 53 
True altitude of sun’s centre ...... 45 11 41 True altitude of sun’s centre ...... 42 19 O 


Corr. for ship’s way —3’.3 =...... — 3 18 


Sun’s corrected altitude...........e00. 42 15 42 


Times by Chron. True Alts. Nat.Sines. Lat. by acc.... 29° 10’ ...Secant 0.05888 


Qh. 49m. 20s. .... 45° 12’ seoeee 70957 Declination ... 16 36 ...Secant 0.01849 
10 44 45 Geemmtae 16 eevecce 67258 aR AS ~~ cd 
| | 2 2 Log. ratio eeecese Seeeoverseeese 0. 07737 


BB 25 Diff. BEND ceccccccsccccccccces soo LOLs 00 Coeveerros eos eseeseves Fe 56808 
27 42 Half-elapsed time coca sccceguasconsascescceces sae LM Peoe ecore SOS SOSOST COS SESCOe 0. 91875 


8 


0 
0 
0 42 15 Middle time SOC COCSHS SCOLHOSS SEH SESSESEEEEESEES sivendsOP. sen @esecseoeetsessesses 4.56420 
0 


PA SS Time from NOON. s...cecsccrossccccccosce or L0G. FISING: cosscccccccccescevece te DU4GG 
ee rs BIOS TACIO; aes ch deddseaseteesand 0. 07737 


Natural number see LGD. ccscnccccenseesasecsseLs0G>scscsccoscnectscocovoces 2. 22751 

Natural sine of greater altitude ... 70957 ee 
Nat. co-sine of mer. zen. distance, 71126—44° 40'S. 
Declination 16 36 N. 


Latitude... 28 4S. 


By repeating the operation, the latitude comes out the same as above 
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A direct Method of finding the Latitude by two Altitudes of the Sun, 
the Time elapsed between the Observations, and the Sun's Declination 
when the greater Altitude was observed.* : 


Roe 1. Add together the true altitudes (found as before), and take 
half their sum; subtract the less altitude from the greater, and take half 
their difference. 

2. Find the interval between the times of observing the two altitudes, 
which call elapsed time; take half of the elapsed time, and reduce it to 
degrees, &c. by ‘Table XIX. 

3. Add together the co-secant of half the elapsed time (reduced as above) 
and the secant of the declination; their sum will be the co-secant of arc first. 

4. Add together the co-secant of arc first, the co-sine of half the sum 
of the altitudes, and the sine of half their difference: the sum of these 
logarithms will be the sine of are second. 

5. Add together the secant of arc first, the sine of half the sum of the 
altitudes, the co-sine of half their difference, and the secant of arc second; 
their sum will be the co-sine of are third. 

6. Add together the secant of arc first (already found), and the sine of 
the declination; their sum will be the co-sine of arc fourth, when the 
latitude and declination are of the same name; but when they are of 
contrary names, take the supplement for arc fourth. 

7. Take the sum or difference of arcs third and fourth, for arc fifth 
(See Note.) 

8. Add together the secants of arc second (already found) and arc fifth; 
their sum will be the co-secant of the Latitude. 

Nore. When the sum of arcs third and fourth is equal to, or greater 
than 90°, their difference is always arc fifth; but when their sum is less 
than 90° (which will rarely happen), it may be doubtful whether their sum 
or difference ought to be taken for arc fifth. But the computation is soon 
made on both suppositions, for the secant of arc fifth is the last logarithm 
which is taken from the Table, and the other parts of the calculation are 
therefore not affected by the change: one of the results must certainly be 
the required latitude, and the latitude by account will generally be sufficient 
to determine which of them ought to be taken. 


Remarks. 


In this method the observations should, if possible, be taken under the 
same limitations as directed in the former (page 192); these, however, may, 
in case of necessity, be considerably extended, if the altitudes be taken with 
care, the elapsed time measured by a chronometer, and the logarithms and 
arcs taken out to the nearest second. 


* This method of finding the Latitude by two Altitudes of the Sun, which is much simpler 
and more general than the former, and independent of the Latitude by Account, was proposed 
by Mr. James Ivory, who has given an ingenious solution of it in the Philosophical 
Magazine for August 1821. Mr. Riddle, of the Royal Naval Asylum, Greenwich, has since 
considerably improved Mr. I.’s Solution, and given a Rule, similar to the above, in the same 
work for September 1822. 

+ The Log of the half-elapsed time may be taken from Table XXVII., which will save 
the trouble of reducing the time to degrees, &c. 


~ 
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In both the methods no allowance is made for the change of the sun’s 
declination during the interval between the observations. This, indeed, 
might be done; but the operation would be more complicated, while the 
omission will produce no error of consequence to the navigator, especially 
if the interval be not considerable. 

it will much facilitate the operation if a formula be written out before 
the commencement of the calculation: and it should be observed, that 
many of the logarithms may be obtained at the same opening of the Table ; 
thus, the secant and sine of the declination ; the secant and co-secant of are 
first, the former of which is wanted twice; the sines and co-sines of half the 
sum and difference of the altitudes ; and the sine and secant of arc second 3 
these being taken out together, will considerably expedite the calculation. 


EXAMPLE I. (Page 192.) 


True 
Altitudes. Times. Rie 
67° 16’ ...cccccccesceveeel Lh. 28m. O8.A.M. Latitude by account... 41 44 N, 
RS Sa ves abane 0 24 40 P.M. Declination ..occcsccces 20 24 N. 


oO / 
Sum ......135 40 half 67 50 0 56 40 Elapsed time. 
ee lL 8 half 0 34 0 28 20 Half-elapsed time = 7° 5’ 
Half-elapsed time. 7° 5’ ...Co-secant 0.90899 
Sun’s declination. 20 24. ...Secant ... 0.02813 cccccocsesces s-cocccscccscsscccseeeSine..- 9.54229 


Arc first......cc00. . 6 38....Co-secant 0.93712 ..Secant ...... 0.00292 .....Secant 0. 00292 
Half sum alts...... 67 50....Co-sine... 9.57669 ..Sine ......00- 9.96665 

FAO Gills BItS...500 © O B40 osc SiNG ooceee 7- 99520...Co-SINC...00s 9.99998 

Arc second......... 1 51....Sine...... 8.50901 ..Secant ...... 0. 00023 

Mere ath git. Soc) cco scnecctoseconsiskevedececss Co-sine..eeee 9. 96978 oS ea 
SemNet cic... G9 D7. wcdcctsccsecs SPINS Sega oi ee LAG cn sea dpaaell Lanieaksinad Co-sine 9.54521 


Arc fifth ......... 48 19, ...Secant... 0.17717 
Secant... 0.00023* 


° ¢ 


Latitude ... .. 41 39. ...Co-secant 0.17740 


EXAMPLE II. (Page 193.) 


True 
Altitudes. Times. ee 
PRL ds Beds cVibe anvos ses 11h.36m.29s.A.M. Latitude by account... 50 39 N, 
in) <u seacec tease Setetes Lett 3. +53) P.M, Declination .e.ccccccce 15 52 N. 


EI «.0<-.105 37 half 52 484 1 37 24 Elapsed time. 
Diff. ..... - | 19 half 0 393 O 48 42 Half-elapsed time = 12° 103! 
Half-elapsed time. 12° 103’. .Co-secant 0.67593 


Seemedeciination. 15.-52....SEcant oo. 0, O1G8T mceresoccccce  cessecdcscvanevococecs Sine... 9.43680 
eee 11 42....Co-secant 0.69230 ,.Secant.... 0.00912 ......Secant 0.00912 
Half sum alts...... 52 484...Co-sine... 9. 78138...Sine ......... 9.90125 

Half diff, alts...... 0 393...Sine ...... 8.06028...Co-sine...... 9.99997 

Are second...... o» 1 58....Sine ...0. 8 53446...Secant .,.... 0.00026* 

Are third eececoores 3h Sl. COC CSEC OOOO SOeee+0 Soeodetocs COekIe eeseee 9, 91060 


Arc fourth...ccocee Fe 47. FO PEOS SHS SSTSOS OH TOSS OSE OSS TER ESSESES SSH SEHTSHTSS POTEET HSOHEESOES Co-sine 9. 44592 


Arc fifth ateveeeces 38 16. oe Secant ees 0. 10506 
- od Secant ... 0.00026 


Latitude... eccccses 51 4l. --.Co-secant 0. 10532 


ea 
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EXAMPLE III. (Page 194.) 


True 
Altitudes. Times. * 
AAS h m. Latitude by account. 32 32 N. 
DISS. cokssstcadedalses 9 30 OA.M. Declination ......... 17 1058. 
SO + 4] ntesive eseacsace eo AL IT 42 A.M; 
Sum ... .. 67 20 half 33 40. 1 «47° 42 Elapsed time. 
Di Secces L077 1a hall ~ 5! © 7 0 53 51 Half-elapsed time = 13° 27’ 45” 


° c 


Haltf-elapsed time. 13 28. ...Co-secant 0.63287 
Sun’s declination © 17 10. ..-Secant eee 0. OIG79 cA vccdecnccteceectnosuncgsbeneouane Sine... 9. 47005 


PATO OBE pe sce< guns. 12 51}...Co-secant 0.65266 ..Secant ...... 0. 01103......Secant 0.01108 
Half sum alts...... 33 40....Co-sine... 9.92027...Sine = ..sccccce 9.74379 
Half diff, alts eeeeee e 5 7: eee S1Nne eeerse e 8. 95029...Co-sine eecece 9, 99827 


Arc Second...ccocce 19 29....Sine .oee.. 9. 52322...Secant ...... 0.02561* 
Are third eeeeeeeses a3 4h seeeceeeece sees ei. Ss Cocsine seesee 9. 77870 


Arc fourth ged Nr 37 — (180° — G2 23) SOSHCHSSOSFOSSSS LL SOSSS SSS HSSESSSESESEEES Coesine 9. 48108 


Arc fifth.......e000. 54 323...Secant ... 0.23649 
Secant ... 0. 02561* 


Latitude .......03 9 N,...Co-secant 0.26210 


° , 


. EXAMPLE IV. /Page 195.) 


True 
Altitudes. Times. Ret 
ai hm ~s. Latitude by account... 60 10S. 
19 2 iisitedsmiiaeeve 10;a04.) 20 Ae, Declin. atGreenw.time 5 51N. 
DIME Gc cavescectawns idee, J Li pabeieets ka ie 


9° St ee 


Sum ...... 40 39 half 20 19§ 3 28 16 Elapsed time. 
Diff. ...... 1 57 half 0 584 1 44 8 Half-elapsed time = 26° 2’ 


° , 


Half-elapsed time. 26 2....Co-secant 0.35764 : 
Sun’s declination. 5 51. .. Secant eee 0. 00227 SOCOHCSESFESFOS SEH SHESEHSESHSEESELEOE Sine... 9. 00828 


AIrc first .ccccosececee 25 53....Co-secant 0.35991 ..Secant ...... 0.04591......Secant 0.04591 
Half sum aits...... 20 194...Co-sine... 9.97208...Sine .....0.+- 9.54076 
Half diff. alts...... 0 581...Sine...... 8.23086...Co-sine ...... 9.99994 


Arc SECON. cccccces -2 6. --- Sine eoccee 8. 56285 -.Secant eee of 0. 00029* 
Are third *@eeearece 67 16} eEncadevecankaterusmecteearad COSSINIG eeecece 9. 58620 


Are fourth anseotes 96 30 = (180°— 83° 30 "\ SPOS CEH SOKO HSS ETOEHEOSESTEeseresEEDS Co-sine 9. 05419 


Arc fifth avenesetese 29 133 eee ecant ese 0. 05913 
* Secant... 0.00029* 


9° ‘ 


Latitude poceosse OO 42 S....Co-secant 0. 05942 


——————— 
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EXAMPLE V. 


September 8, 1866, in latitude by account 6° 30/N., at 16h. 28m. 20s., 
by a chronometer shewing Greenwich mean time, the altitude of the sun’s 
lewer limb was 35°10/30", and at 18h.48m 20s. by the same chronometer, 
the altitude was 69° 49/ 30’, the instrument being adjusted, and the height 
of the observer's eye 18 feet: required the latitude at the time the greater 
altitude was taken. 


u 


Sun’s declination for mean noon September 8, by Page II. of Nautical Almanac 5 41 32 N. 


Corr. for Greenwich mean time, 18h.48m., when the greater alt. was taken ... — 17 54 
Sun’s declination at Greenwich mean time ....... ess ee eeieeS cei eewebeced! 1) Ler Oaeere 
oo. uv O27 he 
First obs. alt. of sun’s lower limb... 35 10 30 Second obs. alt. of sun’s lower limb, 69 49 30 
Corr. Table [X. + 10'.5=......... + 10 30 Corr. Table IX.+ 11'.4=......... + 11 24 
Sun’s true alt. at first obs. ......... 35 21 O Sun’s true alt.at second obs,......... 70.0 54 
True Altitudes, Times by Chron. 
P: a! his im, : & Latitude by ace. ......... 6° 30’ N. 
BRE Pa en didis cussepden esse’ 16 28 20 Declination< 030. .<..00s+x ob 24, 
on ORG PEPPER ESS EE RR Ea 18 48 20 
Sum... 105 22 Half 52 41 220 0 Elapsed time. ° 
Diff.... 34 40 Half 17 20 110 0 Haif-elapsed time = 17° 30’ 
° / 
Half-elapsed time 17 30...Co-secant 0.52186 
Sun’s declination, 5 24...Secant ... 0. 00193..........::ceeceesseserereceeeereeeees Sine... 8.97363 
Aro first ........: 17 25...Co-secant 0.52379...Secant 0. 02038......... Secant 0.02038 
Half-sum alts. ... 52 41...Co-sine... 9.78263...Sine ...... 9. 90053 
Half-diff. alts. ... 17 20...Sine...... 9. 47412...Co-sine ... 9.97982 
Arc second ...... 37 6}..Sine ...... 9. 78054...Secant ... 0.09827* 
‘Arc third ......... Bena a bcs y pd hadag A OMLIG are , EOE 
Arc fourth eeeeesose 84 20 ee eeeeeereeoe eeeePcesOcesscesseeseeee eeeBoscossesseesseoosorses e...(0-sine 8. 99401 
a 80 27...Secant ... 0.78013 
Secant ... 0.09827* 
° / ——y 
: Note. A double computation as here 
Latitude ...... 7 36 N....Co-secant 0. 87840 shewn, can never occur, except, when 
the sun is nearly vertical, with the 
Are fifth ...... 88 13 ...... Secant ... 1. 50696 | latitude and declination of the same 
Secant ... 0.09827 
name. 
Latitude ..... . 1 25 N....Co-secant 1.60523 


The sum of the third and fourth ares being less than 90°, this example 


admits of two answers: first, by taking the difference of the arcs, the 
latitude comes out 7°36’; and by taking their sum, the latitude will be 
1° 25’; but it is evident that the furmer, agreeing nearly with the latitude 
by account, will be the required latitude. 

Do 
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Had this Example been worked to seconds the latitudes would have 
been 7° 87 29” and 1° 23’ 3". 

Nore. By the preceding method, the latitude may be found by two 
observed altitudes of a star; but in this case it will be necessary to reduce 
the interval between the observations, as measured in mean solar time 
by a watch or chronometer, to sidereal time by Table XX XVIII, as 
explained in the use of that Table. 


EXAMPLES FOR EXERCISE. 


1. October 19, 1866, in latitude by account 49° 0’ N., at Oh 34m. P.M. 
the sun’s true altitude was 31° 2, and at 2h. 46m. P.M. it was 22° 34 
required the true latitude. 

Answer. 48° 50° North. 


2. February 25, 1866, in latitude 49° 36’ N. by account, at Oh. 33m. 
P.M. the observed altitude of the sun’s lower limb was 80° 49’ and at 
2h. 43m. P.M. it was 21° 807, the height of the observer’s eye being 
14 feet: required the true latitude. 

Answer. 49° 34 North. 


3. July 7, 1866, in latitude 58° 25’ N. by account, and longitude 
30° 30’ W., at 1lh. 2m. A.M. per watch, the altitude of the sun’s lower 
limb was 52°18’, and at Ih. 25m. P.M. the altitude was 50° 50’, the 
sun at that time bearing S. W. by W. by compass; the height of the 
observer's eye being 20 feet, and the ship’s course during the elapsed time 
S.S. W.4 W., sailing at the rate of 8 knots per hour: required the ship’s 
true latitude at the time when the greater altitude was observed. 

Answer. 58° 43’ North. 


4. August 30, 1866, in latitude 12° 43'S. by account, and longitude 
44° 15’ East, at Lh. 13m. 30s. P.M., the altitude of the sun’s lower limb 
was 61° 35° 15”, and at 3h. 15m. 12s. P.M. it was 36° 45’ 30” bearing at 
that time N. W.4 W.: during the elapsed time the ship was sailing 
S. W. by W. at the rate of 4 knots per hour, and the height of the 
observer’s eye was 20 feet: required the true latitude at the time of taking 
the greater altitude. 

Answer. 12° 25’ South. 


To find the Latitude by an Altitude of the Sun taken near the Meridian ; 
having the Apparent Time from Noon, the Latitude by Account, and 
the Sun’s Declination at the Time of Observation. 


Rutz 1. From the observed altitude, find the sun’s true altitude, and 
reduce the declination, taken from Page I. of the month in the Nautical 
Almanac, to the apparent time of observation by Table X XI. or XX XIII. 


2. Add together the log. rising of the time from noon (X XIX.) 
the log. co-sine of the latitude (X XV.) 
and the log. co-sine of the declination ; 
the natural number corresponding to the sum of these three logarithms 
(rejecting the tens in the index) (X XIV.) being found, and added to the 
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natural sine (X XVI.) of the true altitude, will give the natural co-sine of 
the meridian zenith distance, to which apply the declination, as before, and 
the result will be the latitude. 

Should the latitude thus found, differ materially from the latitude by 
account, it will be advisable to repeat the operation, using that latitude 
instead of the latitude by account. 

Nore. The apparent time at the ship when the altitude is taken, may 
be ascertained by altitudes observed when the sun is at a proper distance 
from the meridian, as shewn hereafter, and the error it then had, applied 
to the time shewn by the same watch when the altitude is taken; and 
should the ship have changed her meridian since the error of the watch was 
ascertained, the difference of longitude made, must be reduced into time by 
Table XIX., and added thereto, if east, or subtracted from it, if west. 

Or, the apparent time at the ship may be obtained by means of a 
chronometer shewing mean time at Greenwich, by applying to that time 
the equation taken from Page II of the month in the Nautical Almanac, 
in order to reduce it to apparent time at Greenwich: to this add the 
longitude of the ship (reduced into time by Table XIX.), if it be east, or 
subtract it, if west, and the result will be the apparent time at the ship. 

The observations should be taken within the following limits, v7z., the 
number of the minutes in the time from noon should not exceed the 
number of degrees of the sun’s meridian zenith distance. (See Note at the 
bottom of Page 192.) 

| EXAMPLE I. 

October 11, 1866, in latitude by account 46° 8’ N., and longitude 
135° 30’ E., suppose the altitude of the sun’s lower limb to be 36° 33’ 00" 
at Oh 28m. 10s. P. M., ship time by a watch previously regulated ; the 
height of the observer’s eye being 18 feet: required the ship’s true latitude. 

h QO. as 


m. 
App. time at ship, October 11 ......e000 OU 28 Obs. alt. of sun’s lower limb...... 36 33 00 
24 Dip of the horizon ....scccccccccscoe — 4 4 
App. time at ship, October 10 .sccoce eee 24 28 36 28 56 
Refraction — varallax ...ccccce — 1 10 
Long. 135° 30° in time (XIX.) ecccocase 9 2 E. ; —s.. 
36 27 46 


App. time at Greenwich, October 10.... 15 26 Snn’s semidiameter by N.A. ... + 16 4 
Sun’s true altitud@sicccscescevacscet 36 43 50 


° t «@ 
Sun’s declination, October 10, (by p. I N. A-)...cce0ee 6 3940S, 
Hourly diff. + 56”.91  15gh. = 882". 19 sooo, + 14 42™ 


Sun’s declination at Greenwich time....... pdedaanacast lt 54 22 Ss. 
Hi. m8; —_—- 
Time from noon eeeeeeee . 0 28 TOs. searrcdtAGIDE sovackovesvveds S@eeee 7 aes 2. 87753 
Latitude by account... 46° 8’ N....... coors+CO-SINE ceceescecsereee recserees 9. 84072 
Sun’s declination ws 6 54S, ccccoscccees CRM! osckas esos Soe tenets 9. 99684 
Nat.number ... 519..eccL0geee. 2.71509 
Sun’s true altitude..... . 36°44’ Nat. sine ...... 59809 _—_—- 


Merid. zenith distance.. 52 54 N. Nat.co-sine ... 60328 
Sun’s corr. declination.. 6 54 S, 


Daatituda sy .dassesdxc cableas 46 ON. 


* Or thus, if corrected by Table XXI., the corr. for 15h. will be 14’ 45”. 
Dog 
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EXAMPLE II. 


July 3, 1866, in latitude by account 26° 13’S., and longitude 166° 15’ W. 
at 1ih. 48m. 40s. A.M., by a watch, whose error had been previously 
found to be 7m 30s. fast for apparent time at ship, suppose the altitude 
of the sun’s upper limb was 41° 2’ 10” N., the height of the observer's eye 
being 20 feet, and the ship having made 38 miles of longitude to the 
eastward since the watch was regulated: required the true latitude of the 


place of observation. 


h. m. s. ; h. m. & 
Time by the watch 11 46 40 A.M.3= 23 48 40 July 2nd. h., m. 
The watch fast of ship time ......... — 730 Apparent time at ship ...... 23 44 July 2. 
—— Long. 166° 15’in time(XIX) 11 5 W 
Time corrected for error of watch... 23 41 10 — 
Long.made (38’)since errorwasfound 4+- 2 32 E. 34 49 
TST 24 


Apparent time at the ship Seneesccoses 23 43 42 July 2: —_— 
24 App. time at Greenwich ... 10 49 July 3. 


ee ee oe 


Apparent time before noon......... »« 0 16 18 July 3. 


° ‘ a o Ff a” 
Obs. alt. of sun's upper limb ...... 41 2.10 N. Sun’s declin.p. I, N.A. 2258 35 N.July3. 
Dip of the horizon... — 4° 17”) __ 5 16 “2 h. 
Refrac. — parallax... — 59 Hr. diff.—12.07x1023= — 2 10* 


40 56 54 Sun’s dec. at Green. time 22 56 25 N. 
Sun’s semidiam. by N. A. eeecseosos ~~ 15 46 tet Sa 


Sun’s true altitude ..ecccsscsssseceee 40 41 8 * By Table XXI. the corr. for declin. is 2’ 12” 


h.m. 3. 

Time from noon eeeoeesee 0 16 VG caldvedastvocscnnioesetnosctenteeed Rising pf 40265 

°o / 
Latitude by account ... 26 13 S. creccccoscscccscccsccssccsescccocces Co-sine 9. 95286 
Sun’s declination......... 22 SOLN..ccccccccccsssseeveveroreccee seveeelO-sine 9.96422 

pind Nat.number .. 209......Log... 2.31973 
Sun’s true altitude ...... 40 41 Wat. 1n@.sc0 65188 ——— 
Merid.zenith distance... 49 94S. Nat.co-sine ... 65397 
Sun’s declination ........ 22 564 N. — 
Latitude PYUTTITITT TT ttt 26 13 Ss. 

EXAMPLE III. : 


September 22, 1866, in latitude by account 50° 10’ N., and longitude 
20° 36’ W., the altitude of the sun’s lower limb being 40° 12’15”S., when 
a chronometer shewed 2h. Im, 43s. mean time at Greenwich; the errer of 
the instrument 1’ 20” to add, and the height of the observer's eye 20 feet: 
required the true latitude. | 
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Mean time at Greenwich by chronometer ......++++0 
Equatien of time, Sept. 22, by page II. of N.A. ... + 


App. time at Greenwich by chronometer........0+e 2 
Longitude of ship in time (Table XIX,)......scecce00 1 


Apparent time at Ship .ec.ccsccsosccerccccscccscscccsescee O 46 37 


o.6|6f “ OF ae 
Sun’s dec Sept.22, by page I.N.A.,. 018 28N. Obs. alt.sun’s lower limb ...... 40 12 15 
Corr. tor app. time at Green, (XXI.) -2 7 Index €rror cover sesseccccccseseees + 1 20 
Sun’s declin. at Greenwich time...... 0 16 21 N. 40 13 36 
“ Corr. (Table [X.} + 10’.4=... + 10 24 
Sun’s true altitude......... eopeee 40. 23:68 
Ty Ma Bs 

Time from noon......+4. 0 4G 37 cdcvoccsccee RISING... svececsees eccceeseses’ Ge OlGlg 

Latitude by account ... 50° 10’ N. ....00-.-40eCO-SINE cccresecscsccecvoeees 9. 80656 

Sun’s declination ...... O 16 N. ....00000...CO-Sine ....0.. er ee 9.99999 

Nat. number 132)......Log...... 3. 12074 


Sun’s true altitude...... 40 24 Nat. sine ... 64812 


os 


Sun’s true zenith dist.. 48 36 N. Nat. co-sine. 66133 
Sun’s declination ..... 0 16 N. ———— 


ee 


Latitude ......ccccccccoree 48 52 N. 


By repeating the operation, with the latitude as above, the true latitude 
comes out 48° 52’ N. 


EXAMPLES FOR EXERCISE, 


1. May 10, 1866,(civi/ time), in latitude by account 38° 26’ S., and longi- 
tude 22° 40’ E., the altitude af the sun’s upper limb was 33° QV 30” N,, 

when a watch, ‘previously regulated, shewed 11h. 10m. 15s. A. M., the 
height of the observer’s eye being 24 feet, and the error of the instrument 
4+ 9 15": required the true latitude. 

Answer. 38° 934’ South. 

2. November 10, 1866, in latitude by account 60° 12’ N., and longi 
tude 32° 30’ W., at ‘Oh, 56m.. 12s. P. M., by a watch whose error had been 
previously found to be 4m. 18s. too slow for apparent time at ship, the 
altitude of the sun’s lower limb was 11° 48’ 45" South of the zenith, the 
height of the observer's eye being 18 feet, and the ship having made 
24 miles of longitude to the westward since the error of the watch was 
found : required the true latitude. 

Answer. 59° 563’ North. 

8. March 15, 1866.{civil time), in latitude by account 47° 42’ S., and 
longitude 168° 20’ E., the altitude of the sun’s lower limb was 44° 6’ 15” N., 
when a shronumeter shewed 12h. 25m. 55s. mean time at Greenwich, 
March 14, the error of the instrument being — 2’ 0”, and the height of the 
observer's eye 12 feet: required the true latitude. 

Answer, 47? 34° South. 
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ON THE VARIATION OF THE COMPASS. 


D9 ES *° GQ 


Tue VaRriaTION OF THE Compass is the deviation of the points of 
the Mariner’s Compass from the corresponding points of the horizon, ana 
is termed east or west variation, according as the magnetic needle, or 
north point of the compass, is inclined to the eastward or westward of the 
true north point of the horizon. 

For many years after the discovery of the compass, it was supposed that 
the needle exactly coincided with the plane of the meridian, and conse- 
quently that all the points of the compass agreed with the correspondent 
points of the horizon. In the year 1492, Columbus first observed that 
the needle deviated from the north and south points of the horizon; but 
still imagined this deviation was constantly the same: however, in 1634, 
Mr. Edward Gillibrand, Professor of Astronomy in Gresham College, 
discovered, from a comparison of his own observations with those of his 
predecessors, that the variation was not always the same at the same place; 
for in that year he found that the variation of the compass at Deptford 
was 4° 4’ East, which, compared with the same as observed by Mr. Burrows, 
in 1580, at Limehouse, who had found it to be 11° 15’ E., plainly shewed, 
that in the course of 54 years the variation had diminished more than 7 
degrees. In 1657, according to Mr. Bond’s observations, there was no 
variation of the compass at London: since that time the needle has been 
declining westward, and is at present about 23° 10’ West.* 

It likewise appears, from observations made in various parts of the 
world, that in different places the variation differs both as to its quantity 
and denomination, being west in some places and east in others: thus, off 
the South Coast of Ireland the variation is at present about 30° West; but 
near Cape Horn, in South America, it is 22° East. 

But besides the deviation of the needle from the plane of the true 
meridian, which it acquires after being touched with a magnet, it obtains 
another property called the dip ; that is, although the needle be properly 
balanced beforehand, it will now lose its horizontal position, and one end 
will incline below the horizon, while the other will be elevated, so that it 
will be necessary to attach a weight to the elevated end, in order to restore 
it to a horizontal position when supported on the central pin. The angle 
that it makes with the horizon is called the dip of the needle. Near the 
equator it inclines but little from the horizontal plane; but one end is 
depressed the more as we advance towards the poles—the north end in the 
northern hemisphere, and the south end in the southern hemisphere. 

The needle is also subject to a local attraction, resulting principally 
from the masses of iron on board ship, by which it will be drawn more o1 
less from the magnetic meridian, according as the disturbing cause is 


* According to the accurate observations of the late Colonel Beaufoy, made near London. 
the variation of the needle had arrived at its maximum in March 1819, when it was at noon 
24 41' 42” West; the needle has since that time been retrograding, the magnetic north 
gradually inclining to the eastward, and consequently the westerly variation decreasing. 
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situated with regard to the needle; this effect 1s called the aberration of 
the needle. Now, as a ship in traversmg is constantly changing its 
direction, the iron contained therein must be carried by it into different 
positions with respect to the compass, and by its attraction will continually 
change the direction, of the needle. If westerly variation be increased, or 
easterly variation diminished, when the ship’s head is in a westerly direction, - 
the contrary effect will be produced when the ship’s head is brought round 
to an easterly direction, that is, westerly variation will be diminished, and 
easterly increased: hence it will be necessary to determine the actual vari- 
ation of the compass, when the ship’s head is directed to different points 
of the horizon. In the northern hemisphere, when the compass is placed 
at or near the binnacle, the north point of the needle is attracted or drawn 
forward towards the ship’s head; and the south point, in the southern 
hemisphere. 

The greatest aberration takes place when the ship’s head is at or near 
the east or west points, and decreases towards the magnetic meridian, in 
the proportion of radius to the sine of the angle between the ship’s head 
and the magnetic meridian. 

The most simple method of ascertaining the aberration, and from 
thence the actual variation of the compass, when the ship’s head is in any 
given direction, is to observe the variation when the ship’s head is brought 
alternately to the east and west points; half the sum of these variations 
will be the true variation, and half the difference will be the greatest 
aberration of the needle, arising from local attraction: then, to find the 
aberration, and from thence the actual variation, when the ship’s head is 
on any other point of the compass, enter a Traverse Table with the given 
number of points from North or South, at the top or bottom, and the 
greatest aberration, reduced to minutes, in a distance column; opposite 
to which, in the corresponding departure column, will be found the aber- 
ration in minutes, when the ship’s head is on the given point of the 
compass; then, if the ship be in the northern hemisphere, allow the aber- 
ration to the right-hand of the true variation, when the given point is to 
the eastward of the magnetic meridian, or to the left-hand when the given 

oint is to the westward; but the contrary to this rule is to be observed 
when the ship is in the southern hemisphere : the result will give the actual 
variation when the ship’s head is on the given point of the compass. 

EXAMPLE. Suppose, when the ship’s head bore east, being in north 
latitude, the observed variation was 21° 30’ W., but when the ship’s head 
was put about to west, the observed variation was 27° 30’ W.: required 
the true variation independent of local attraction, the greatest aberration 
of the needle, and the actual variation when the ship’s head is on each 
second point of the compass. 


° , ° , 
Variation with ship’s head East... 21 30 W. ....... sepranstyrisoecece sone oane 21 30W. 
Variation with ship’s head West... 27 30 W_  ceccsccccceses eidetcsatices «us » 27 30W. 
2) 49 0 2) 6 0 


True variation.....cccccce cesvcceses 24 30 Greatest aberration ...... 38 @=180' 
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Now, to find the aberration of the needle when the ship’s heaa is twa 
points from the north or south, enter Table 1, with two points at the top, 
and the greatest aberration 180’ in a distance column, opposite to which, 
in the corresponding departure column, will be 69’=1° 9’, the aberration 
required: this aberration being allowed to the right-hand when the ship's 
head is to the eastward, diminishes the true variation 24° 30’ W., and 
therefore subtracted from it leaves 23° 21’, the variation to be allowed when 
the ship’s head is N.N.E. or §.S.E.; but as the aberration is to be 
allowed to the left-hand when the ship’s head is to the westward, conse- 
quently increasing the variation, add the above together, and their sum 
25° 39/ will be the variation when the ship’s head is N. N.W. or S. S.W. 

In the same manner the variations may be found, corresponding to the 
other points of the compass. 

The variations may then be formed into a table as follows: 


Variations. | 
/ 


Ship’s Head by , 


Compass. 


Ship’s Head by Variations. 


| 


Hence the variations to be allowed are opposite the courses steered: thus, 
if the ship’s head is E. N. E., the variation to be allowed is 21° 44’ W.; but 
if W. S. W., the variation to be allowed is 27° 16 W. 

The observations for determining the variation should be made with an 
azimuth compass placed amidship on, or as near to, the binnacle as can be 
safely dune ; and the steering compass should be compared with the azimuth 
compass, to ascertain that there is no difference in the direction of the 
needles, since the local attraction of the iron in the ship will affect the 
needle differently in different parts of it.* 

The VarraTion or THE Compass is found by. comparing together the 
sun’s true and magnetic amplitudes or azimuths. 

The rruE AmpuLitupE of any celestial object is an arch of the horizon 
contained between the true east or west points thereof, and the centre of 
the object at the time of its rising or setting; or, it is the degrees and 
minutes the object rises or sets to the northward or southward of the true 
€ast or west points of the horizon. 

The MAGNETIC AMPLITUDE is an arch contained between the east or 
west points of the compass and the centre of the object at rising or 


* Mr. Barlow, of the Royal Military Academy at Woolwich, has invented an apparatus 
for neutralizing the effect of local attraction on the needle of the ship’s compass ; this consists 
of a small iron plate, fixed in such a situation behind, and near to, the steering compass, that 
its local action may exactly counterpoise the magnetic power of all the iron in the ship, 


~ 
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setting; or, it is the bearing of the object, by compass, when in the 
horizon. 

The trux Azimutn of an object is an arch of the horizon contained 
between the true meridian and the azimuth, or vertical circle passing 
through the centre of the object. 

The MacNneTIc AzimuTH is an arch contained between the magnetic 
meridian and the azimuth, or vertical circle passing through the centre of 
the object; or it is the bearing of the object, by compass, at any time when 
it is above the horizon. 

The true amplitude, or azimuth, is found by calculation; and the 
magnetic amplitude, or azimuth, by an azimuth compass. 

‘he following is a description of Mr. M‘Culloch’s patent Azimuth 
Compass, with the method of observing amplitudes, or azimuths, by 
the same. 


DESCRIPTION OF THE AZIMUTH COMPASS. 


Figure 2, Plate VIITI., is a representation of the azimuth compass ready 
for observation. The needle in this compass is bent in such a manner, that 
the point of the conical pivot on which it moves, and is supported, may be 
brought very near to the centre of gravity, as well as to the centre of 
motion. ‘The card is similar to those of the steering compass, with this 
difference only, that a circular ring of silvered brass, divided into 360°, or 
rather. into four times 90°, circumscribes the card. 6 represents the 
compass box, which is brass, and has a hollow conical bottom. ¢ is the prop 
upon which the compass is supported, instead of gimbols. It stands in a 
brass socket, screwed to the bottom of the wooden box, and may be turned 
round at pleasure. f is one of the guards; the other, being directly 
opposite, is hid by the box. Each guard has a slit, in which a pin, 
projecting from the side of the box, may move freely in a vertical direction. 
1 is a brass bar, upon which, at right angles, the sight-vanes are fixed: a 
line is drawn along the middle of this bar; which line, the lines in the 
vanes, and the thread _ joining their tops, are all in the same plane. 2 is 4 
coloured-glass, which may be moved up or down the sight-vane 3. 4 is a 
‘magnifying-glass, moveable on the other vane, whose focal distance is nearly 
equal to the distance between the vanes. 5 is the nonius, or vernier, which 
contains six divisions; and as the limb of the card is divided into half 
degrees, each division of the nonius is therefore five minutes. ‘The 
interior surface of the nonius is ground concave to the segment of a circle 
of the same diameter as the circle of the card. 6 is a stopper, or screw, 
connected with the nonius, which serves to move the nonius close to the 
card, and thereby prevent it from vibrating as soon as the observation of the 
amplitude, or azimuth, is completed. 7 is a convex lens, to assist the eye in 
reading off the observed amplitude, or azimuth. 8is a milled head, by 
which the card may be lifted off the centre, and prevented from vibrating 
when the compass is not wanted for use. 7 


Er 
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USE OF THE AZIMUTH COMPASS. 
To observe the Sun’s Amplitude. 


Turn the compass-box, until the vane containing the magnifying-glass 1s 
directed towards the sun; and when the bright speck, or rays of the sun 
collected by the magnifying-glass, falls upon the slit in the other vane, 
stop the card by means of the nonius, and read off the amplitude. 

Without using the magnifying-glass, the sight may be directed through 
the dark glass towards the sun; and in this case, the card is to be stopped 
when the sun js bisected by the thread in the other vane. 

The observation should be made when the sun’s lower limb appears 
somewhat more than his semidiameter above the horizon, because his centre 
is really then in the horizon, although it is apparently elevated, on account 
of the refraction of the atmosphere: this is particularly to be noticed in 
high latitudes. 


To observe the Sun's Azimuth. 


Raise the magnifying-glass to the upper part of the vane, and move the 
box, as before directed, until the bright speck falls on the other vane, or on 
the line in the horizontal bar; the card is then to be stopped, and the 
divisions being read off, will be the sun’s magnetic azimuth. 

If the card vibrate considerably at the time of observation, it will be 
better to observe the extreme vibrations, and take their mean as the mag- 
netic azimuth. When the magnctic azimuth is observed, the altitude of 
the object must be taken, in order to obtain the true azimuth. 

It will conduce much to accuracy, if several azimuths be observed, with 
the corresponding altitudes, and the mean of the whole taken for the 
observation. 


To find the Variation of the Compass by an Amplitude. 


Rute 1. With the given time and longitude, find the corresponding 
time at Greenwich, by the Rules in page 155, and to that time reduce the 
sun’s declination, (X_X1.) taken from Table X., or the Nautical Almanac. 

2. 'To the log. secant of the latitude of the ship, rejecting the index 
(XXYV.), add the log. sine of the sun’s reduced declination; their sum will 
be the log. sine of the true amplitude*, to be reckoned from the east in 
the morning, or from the west in the afternoon, towards the north or 
south, according to the declination. 

3. Then, if the true and magnetic amplitudes be both north, or both 
south, their difference is the variation; but if one be north, and the other 
south, their sum is the variation: and to know whether it be easterly or 
westerly, suppose the observer looking towards that point of the compass 
representing the magnetic amplitude: then, if the true amplitude be to the 
right-hand of the magnetic, the variation is east, but if to the left-hand it 
1s west. 


* The true amplitude may likewise be found approximately by Table XLII. 
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EXAMPLE I. 


Required the sun’s true amplitude on November 6, 1866, in latitude 
48° 21’. 


A Latitude eeeeeseeee eeeece ee 48° 21° eoseee eCant eee 0. 17745 
Declination... acercascorse LGices LiSictas cas lO ed caneses SAeeU TO 
True amplitude......0 24 32  s.SINE coc. 9.61823 


Hence the sun will rise E. 24° 32’8., or E.S.E. } S. nearly; and set W. 24° 32’S., or 
W.S. W. } S. nearly. 


EXAMPLE II, 


July 3, 1866, in latitude 9° 36’ S., the sun was observed to rise East 
12° 42’ N.: required the variation of the compass. 
MattA MUG ces tecsacecerss we Oo SOS; .2....Secant ...-0: 00613 
Declination ........ Seatiee OO IN. ects Sine ...... 9.59158 


I 


True amplitude, E. ... 23 20N.......Sine ...... 9.59771 
Mag.amplitude, E.... 12 42N, i ee a 


Variation 10 38 West, the amplitude being to the left of the 
magnetic. 


EXAMPLE IIL. 


September 24, 1866, in latitude 26° 32’ N., and longitude 138° W., the 
sun’s centre was observed to sct W.S.W., about 6h. P. M.: required the 
variation of the compass. 


h, m. in Re ae 
App. time at ship, Sept. 24......... G>20 Sun’s declination, by p.I. N. A. 0 28 18S, 
Long. 138° in time (Table XIX.) 9 12W. Corr. for 15h. 12m. (Table XXI.) -- 14 55 
App time at Greenwich ... ........ 15 12 Sun’s declin. at Greenwich time 0 43 138. 
Latitude ....... co hbdeeeaus 26° 321N. <ecsc Secant ... 0.04834 
Sun’s declination ......... 0 ABS. cooeee Sine ..... 8.09718 
True amplitude, W....... OI2E Se tases Sine ...... 8. 14552 
Mag. amp.W.S.W =W.22 30S. aan 


Variation 21 42 East, the true amplitude being to the right 
of the magnetic. 


EXAMPLE IV. 


Being at sea, in latitude 43°36’ N., and longitude 98° West, on Feb. 15, 
1866, I observed the sun’s centre, at setting, W. 6° 45’ N. at 6h. 52m. P.M. 
apparent time: required the variation of the compass. 7 

h. m. ° , M” 


App. time at ship, Feb. 15 ...... 6 52 Sun’s declination, by page I. N. A. 12 38 26S. 
Long. 98° in time (‘Table XIX.) 4 32 W. Corr. for 13h.24m. (Table XXI.).. — 11 17 


App. time at Greenwich ......... 13 24 | Sun’s declin. at Greenwich time... 12 27 98. 


Exr2 
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Latitude ......cccce. 43° 36’ Ni. 62.0. Secant ... 0 14916 
Sun’s declination... 12 27 S. ..... Sire Gece. 9. 33362 
True amplitude W. 17 19S. ...... Sine ..00.. 9.47378 


Mag. amplitude,W. 6 45N. 


Variation 24 4 West, the true amplitude being to the left e 
the Magnetic. 


EXAMPLES FOR EXERCISE. 


1. July 12, 1866, in latitude 42° 12’S., and longitude 14° 15’ W., 
at 4h. 35m. P. M., apparent time, the sun set N. W. 4 W., by compass : 
required the variation. 

Answer. 9° 5’ West. 


2. December 10, 1866, (civil time,) in latitude 54° 35’ N., and longitude 
53° 15’ W., the sun’s centre was observed to rise S, by E., at Sh. 27m. 
A. M., apparent time: required the variation of the compass. 

Answer. 36° 30’ West. 


3. March 9, 1866, (c’cil time,) in latitude 10° 2’ S., and longitude 
168° E., the sun’s magnetic amplitude at rising was observed to be 
K. 6° 36’ N., at 5h. 57m. A. M., apparent time: required the variation 
of the compass. 

Answer. 11° 25’, or 1 point nearly, East. 


4 November 13, 1866, in latitude 32° 86’ N., and longitude 74°15’ W. 
at 5h. 15m. P. M., apparent time, the sun was observed to set, by an 
azimuth compass, W. 21° 38’ S.: required the variation. 

Answer. No variation. 

5. March 20th, 1866, in latitude 51° 15’ N., and longitude 23°15’ W., 
at 6h. 15m. P. M., apparent time, the sun’s centre was observed to set 
N. W. by W. 3 W.; required the variation of the compass. 


Answer. In this Example, the sun (having no declination) sets due 
West, and the magnetic amplitude being N. W. by W. 3 W., or 24 points 
to the northward of West, the variation is 24 points West, the true 
amplitude being to the eft of the magnetic. 


To find the Variation of the Compass by an Azimuth. 


Rute]. With the given time and longitude, find the correspondin 
time at Greenwich by the Rules in page 155, and to that time reduce tl 
sun’s declination (X XI.) taken from Table X., or the Nautical Almanac: 
compute also the sun’s true altitude. 

2. Subtract the sun’s declination from 90°, when the latitude and declin- 
ation are of the same name, or add it to 90°, when they are of contrary 
names; and the sum, or remainder, will be the sun’s polar distance. 

3. Add together the sun’s true altitude, the latitude of the ship, and the 
sun’s polar distance ; take the «difference between half their sum and the 
polar distance, and note the remainder: 
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4. Then add together, 
the log. secant of the altitude (X XV.) 
the log. secant of the latitude ............ 
the log. co-sine of the half sum, 

and the log. co-sine of the remainder. - 


5. Half the sum of these four logarithms will be the sine of an arch, 
which doubled, will be the sun’s true azimuth; to be reckoned from the 
south in north latitude, and from the north in.south latitude ; towards the 
east in the morning, and towards the west in the afternoon. 


6. Then, if the true and observed azimuths be both reckoned from the 
north, or both from the south, their difference is the variation; but if one 
be reckoned from the north, and the other from the south, subtract the 
true azimuth from 180°, and the difference between the remainder and the 
magnetic azimuth will be the variation: and to know if it be east or west, 
suppose the observer looking towards that point of the compass representing 
the magnetic azimuth ; then, if the true azimuth be to the right of the 
magnetic, the variation is east, but if the true be to the left of the 
magnetic the variation is west. 


rejecting their indices 


EXAMPLE I. 


July 20, 1866, in latitude 21° 42’ N., and longitude 179° E., at 6h. 20m. 
A.M. (or July 19, at 18h. 20m., astronomical time), the sun’s azimuth, by 
the compass, was observed to be S. 100° 16’ E., at the same time that the 
altitude of his lower limb was 23° 36’; the height of the observer's eye 
being 24 feet: required the variation of the compass. 


h. m. poh ed 
App. time at ship, July 19 ......+0 18 20 Sun’s dec. July 19 (pI. N. A.) 20 51 44N., 
Long. 179° in time (Table XIX.) 11 56 E. Corr.for6h.24m.(TableXXI.) — 2 54 


App. time at Greenwich, July 19, 6 24 Sun’s declin. at Greenwich time 48 50 N. 


‘ ° Ul “ 
Obs. alt. of sun’s lower limb ...... 23 36 0 Sun’s polar distance oes.--e 69 11 10 
Corr. from Table 1X. + 8.8=... + 8 48 


True altitude of sun’s centre 23 44 48...Secant...... 0.03843 


WiAtitUde® ~ secessvecsesdccocssvecs 21 42 ~~... Secant...ces 0.03192 
Polar distance ......seccccseceee 69 1)’ 
ST ness cn dcevanscagasaecs sce 114 38 
Half-sum eee eeeset oes ses seesesees 57 19 eeeeee Co-sine eee 9.73239 
Beemainder,.....ccccccccccscccccce |} be: ey Co-sine ... 9.99062 
2)19.79336 
° ‘ 
62 73. saad Sine ..... 9.89668 
2 


True azimuth .........S8. 104 2 E. 
Magnetic azimuth......S. 100 16 E. 


Variation 3 46 West, the true azimuth being to the left of the 
3 monenes magnetic, 
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EXAMPLE II. 


November 2, 1866 in latitude 25° 31’ N., and longitude 50° 30’ E., the 
altitude of the sun’s lower limb was observed to be 15° 37 12”, about 
4h. 10m. P.M., his magnetic azimuth at that time being S. 58° 32’ W., 
and the height of the observer’s eye 18 feet: required the variation of the 
compass. 


h. m. ee 
App. time at ship, Nov. 2.....s000«0. 4.10 Sun’s declin. Nov. 2,(p.I.N.A.) 14 46 3358, 
Long. 504° in Time (Table XIX.) 3 22 E. Corr.for0h.48m.(Table XXL.) + 0 37 


App.time at Greenwich, Nov.2... 0 48 Sun’s declin. at Greenwich time 14 47 108, 
90 


Obs alt. of sun’s lower limb ..... 15 37 12 Sun’s polar distance ss... 104 47 10 
Corr. from Table IX. + 8.8=... + 8 48 


True altitude of sun’s centre. 15 46 ceccoSCCANte.coe 0.01666 
Latitude SCOCCOC LSS SCES SCO ESE SCESESE 25 31 eee ee eCant eeeceeo 0.04457 
Polar distance eeeeeervesees cesses 104 4] 


Sum SOS SOS SSS COE OESSOSSHS SSH ESHESS 146 4 
Half-sum SOOCOS SOS SESE OHOEEDOES 73 2 seeeee0-8ine eee 9.465] 1 
Remainder eeccecceceee ses cescee 31 45 seeeesCO-Sine eee 9.92960 


ee eee 


2)19.45594 


Oo °* —_—_—-——- 


SSH1O \.c<:SinGicciccese we dma ae 
2 ok Se 


True azimuth....cc.e.ee5- 64 38W. 
Magnetic azimuth......S. 58 32 W. 


Variation 6 6 East, the true azimuth being to the right of the 
magnetic, 


EXAMPLE III. 


February 14, 1866, in latitude 36° 18'S., and longitude 78° 30’ E., 
about half-past 4 A.M. (civil time), the following altitudes of the sun’s 
lower limb, with the corresponding azimuths, were observed ; the height of 
the observer's eye being 30 feet: required the variation of the compass. 


Azimuths. Altitudes. h. m. o> *pticwe 
oS? o ‘' ‘Time at ship, Feb. 13. 16 30 Sun’s dec. Feb. 13, ext) 13 19 17S. 
S. 87 15E.11 12 Long.in time (XIX) 4 54E. Cor. for 11h, 36m.(XXI.) — 9 32 
87 0 11 52 eee: 
86 40 12 44 Timeat Greenwich... 11 36 Sun’s dec. at Greenwich... 13 9 458, 
8610 1317 mas wid 90 
85 45 13 50 eS A 
Obs. alt. sun’s L. L. 12 35 O Sun’s polar distance......... 76 50 15 
5)432 50 62 55 Cor.Tab.1X.46.7= + 6 42 cence 


S. 86 34E.12 35 Sun’s true altitude... 12 41 42 
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°o 4, 
Sun’s tcue altitude...... Te ees ee Secant oe. 0.01076 
Latétude ........-6 ensaoses SG UB .caesdaas Secant .-. 0.09370 
Polar distance....essereee 76 50 
PUNE a5 cacscecee pesducanieas 125 50 
MEGMuMIWs.ccecccocsccedses G2 Gil viscetses< Co-sine... 9. 65828 
Remainder seccccccccseses 13 5GcccccceeeCO-Sinesee 9.98703 
2) 19. 74977 
°o A ————— 


48 34. ccccceee SINE eeeces 9. 87488 
2 LT 


True azimuth.........N. 97 8 E. 
180 


OrS. 82 52 E. 
Magnetic azimuth.....S. 86 34 E. 


Variation 3 42 East, the true azimuth being to the right 
of the magnetic. 


EXAMPLES FOR EXERCISE. 


1. March 8, 1866, in latitude 12°36 S., and longitude 155° 30’ E., 
at6h 36m. P. M., apparent time, the sun’s magnetic azimuth was observed 
to be S. 79° 15’ W., at the same time the altitude of his lower limb was 
9°46 0”; the height of the observer's eye being 16 feet, and the error of the 
instrument +- 3’ 30”: required the variation of the compass. 

Answer. '(° 58” East. 


2. August 6, 1866 (civil time), in latitude 18° 27’ S., and longitude 
5° 32’ W., at Th. 44m. A. M., apparent time, the sun’s magnetic azimuth 
was observed to be N. 81° 40’ E., when the altitude of his lower limb was 
17° 490”; the height of the observer's eye being 22 feet, and the error of 
the instrument + 3’ 45”: required the variation of the compass. 

Answer. 17° 2’ West. 


3. May 21, 1866, in latitude 52°12’ N., and longitude 165° 40’ E., 
when a chronometer shewed 17h. 56m. 34s., May 20, mean time at the 
meridian of Greenwich, the sun’s azimuth, by compass, was observed to be 
S. 82° 58’ W.: the altitude of his lower limb being at the same time 
23° 48’ 30”, and the height of the observer’s eye 12 feet: required the 
variation of the compass. 

Answer. 9°26’ Kast. 


4. September 1, 1866, (c7vil time), in latitude 31° 20’ S., and longitude 
33° 12’ K., when a chronometer shewed |7h. 48m., August 31, mean 
time at Greenwich, the altitude of the sun's lower limb was 15° 2’ 0”, and his 
magnetic azimuth N. 70° 2’E.; the height of the observer’s eye being 
22 feet, and the index error — 2 30”: required the variation of the 
compass. ; 

Answer. No variation, 
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Tnxis Instrument is constructed on the same principles as the quadrant; 
but as it is used to measure the angular distance between the moon and 
the sun, a star, or a planet, in order to determine the longitude, the arch is 
extended to 120 degrees, for the purpose of measuring their distance when 
greater than 90 degrees : it is also provided with some appendages not com- 
monly annexed to a quadrant, in order to take the observations with greater 
accuracy ; which will be described in the following pages. 

Fig. I. Plate IX. represents a Sextant, the frame of which is sometimes 
made of ebony, but generally of brass, or other hard metal.. The arch aa 
is, on the common instruments, made of ivory, and divided into 120 degrees, 
each degree into 3 parts, of course equal to 20 minutes, which is again 
subdivided by the nonius into half-minutes, or 30 seconds, each second- 
division, or minute, on the nonius, being cut longer than the intermediate 

ones. ‘The nonius is numbered at every fifth of these longer divisions, from 
- the right towards the left, with 5, 10, 15, and 20; the first division towards 
the right-hand, marked 0, being called the indew division. 

But the best sextants, which have metal arches, are usually divid. 
quarter minutes; in which case the degrees on the arch are divided into 4 
equal parts, or 15 minutes; and the minutes on the nonius into the like 
number, each equal to 15 seconds. 

On some sextants the degrees are divided into six equal parts, each repre- 
senting 10 minutes ; and the minutes on the nonius also into six parts, or 
10 seconds each. ‘The nonius is sometimes placed above, and sometimes 
below the arch. - 

Figure 8 represents part of the arch of a sextant, the degrees of which 
are divided into 4 equal parts, and the minutes of the nonius scale into the 
like number. In this figure the index division, or 0 of the nonius, which 
is placed above the arch, stands between 25° 15’ and 25° 30’ on the arch; 
and that division of the nonius exactly coinciding with one on the arch, is 
the second, or 30” to the left of '7 minutes, or '7’ 30”, therefore the whole 
extent between the index division and the 0 on the arch is 25° 22’ 30”. 

Again, in figure 9, where the nonius is below the arch, the 0 on the 
nonius is somewhat more than three divisions, or 30’, to the left of 56°; and 
the division on the nonius, coinciding with one on the arch, is 5’, therefore 
_ the angle pointed out by the index division is 56° 35”. 

When the index division is to the right of 0 in the arch; or as it is called 
on the arch of excess, the divisions are to be counted from left to right 
both on the arch and on the nonius; thus, suppose on an instrument divided 
as in figure 8, the 0 on the nonius was rather more than three divisions to 
the right of 0 on the arch, and that the third long division on the nonius 
(representing minutes) from the left, marked 15, coincided exactly with a 
division on the arch, then the whole arch would be 48 minutes, that is 
45 minutes on the arch of excess, and 3 minutes on the nonius. 
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Or if the 0 on the nontus of a sextant, divided as in figure 9, were placed 
between the third and fourth divisions to the right of 0 on the arch, and 
the fifth subdivision on the nonius, counting to the right from that marked 
10, coincided with one on the arch, the whole arch would be 30 minutes 
and 50 seconds. 

In order to observe with accuracy, and make the images come precisely 
in contact, an adjusting, or tangent screw B, is added to the index, by 
which it may be moved with greater regularity than it can be by hand; but 
it must be observed, this screw does not act until the index is fixed by the | 
clamp or finger screw c, placed at the back of the sextant. Care should 
be taken not to force the tangent screw when it arrives at either extremity 
of its arch. When the index is to be moved any considerable quantity, the 
screw c must be loosened ; but when the index is brought nearly to the 
division required, this back screw should be tightened, and then the index 
be moved gradually by the tangent screw. 

Four shades, or coloured glasses, are placed at p, between the index and 
horizon-glasses, each of which is set in a different frame, turning on a centre: 
they are used to screen the eye from the brightness of the reflected solar 
image, and the glare of the moon, and may be used separately, or together, 
as occasion requires. 

Three more such glasses are placed behind the horizon-glass at E, to 
weaken the rays of the sun or moon, when they are viewed directly through 
the horizon-glass. ‘The pale glass is sometimes used in observing altitudes 
at sea, to take off the strong glare of the horizon. 

The sextant is generally furnished with a plane tube (Fig. 2) without 
any glasses; and to render the objects still more distinct, it has likewise 
two telescopes, one representing the objects erect, or in their natural 
position (Fig 4); the other, a longer one (Fig. 3), which shews the objects 
inverted; but the latter has a larger field of view, and a greater magnifying 
power, with other advantages: a little use will soon accustom the observer 
to the inverted position, and the instrument will be as readily managed by 
it, as the plane tube alone. By a telescope the contact of the images is more 
pertectly distinguished ; and by the place of the images in the field of the 
telescope, it is easy to perceive whether the sextant is held in the proper 
plane for observation. By sliding the tube that contains the eye-glasses in 
the inside of the other tube, the object is suited to different eyes, and made 
to appear perfectly distinct and well defined. 

The telescope is to be screwed into a circular ring at kK: this ring rests 
on two points, against an exterior ring, and is held thereto by two screws, 
by turning one, and tightening the other, the axis of the telescope may be 
set prallel to the plane of the sextant, as already directed. ‘The exterior 
ring is fixed on a brass stem that slides into a socket ; and by means of the 
screws at the back of the sextant, 1t may be raised or lowered, so as to move 
the centre of the telescope to point to that part of the horizon-glass which 
shall be judged the most fit for observation. 

A circular head, with coloured glasses (Fig. 7), sometimes accompanies 
the sextant, and is to be screwed on the eye-end of the tube, or on that of 
either telescope. The glasses are contained in a circular plate, which has 
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four holes; three of these are fitted with coloured glasses, the fourth is 
open. By pressing the finger against the projecting edge of this circular 
plate, and turning it round, the open hole, or any of the coloured glasses, 
may he brought between the eye-glass of the telescope and the eye. 

To these appendages are added a small screw-driver, to adjust the screws ; 
@ macnifying-glass (Fig. 6), to read off the cdservation with greater 
accuracy ; and a microscope (Fig. 5), for the same purpose, made to fit 
into a tube fixed at the lower end of the index. 


ADJUSTMENTS OF THE SEXTANT. 


To adjust a sextant is to set the index and horizon-glasses perpendicular 
to the plane of the instrument, and their planes parallel to each other when 
the index-division is at 0 on the arch ; also, to set the axis of the telescope 
parallel to the plane of the instrument: each of these particulars must 
be examined before an observation is taken, and the adjustments, if requi- 
site, made according to the following directions. 


I. To set the Index-Glass perpendicular to the Plane of the Sextant. 


Move the index forward to about 60 degrees; then, holding the in- 
strument horizontally, with the limb from the observer, look obliquely 
down the index-glass, and see if the reflected and the true arches appear 
to be in the same plane; if they are, the glass is adjusted; otherwise, it is 
to be rectified by the screws behind the glass, as directed for the quadrant, 
page 176. 


II. Vo set the Horizon-Glass perpendicular to the Plane of the Sextant 


Screw on the plane tube, or the common telescope, and, holding the 
sextant horizontally, observe if the reflected and true horizons appear in 
the same strait line; if they do, the glass is adjusted; otherwise, turn 
the screw at the back of the instrument till they perfectly coincide. ‘This 
adjustment may also be made by directing the telescope to the sun, moon, 
or a star, in which case make the index-division, or 0 on the nonius, coincide 
with 0 on the arch; then, holding the instrument perpendicularly to the 
horizon, direct the telescope to the object; if the reflected image be to 
the right or left of the direct object, turn the screw under the horizon- 
glass till they coincide with each other, when the glass will be perpendi- 
cular to the plane of the instrument. If the adjustment be made by 
a star, move the index backwards and forwards slowly, and observe if 
the reflected image, in passing the star, coincide with it; if it does not, 
the glass is to be adjusted by the screw, as before. 

Horizon-glasses are fitted up in various ways, to admit of this adjust- 
ment. In some sextants a screw, connected with the brass frame of the 
horizon-glass, which moves on two points, is placed behind, over which 
a brass cap is screwed, to secure it from accidents; in others, a small 
screw is placed at the top of the frame, and is moved by a steel lever 
pin: by means of these screws the horizon-glass 1s set perpendicular to 
the plane of the instrument. 
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When this or the following adjustment is made by observing the sun, 
the inverting telescope is always to be used, and one or more of the shades, 
both before and behind the horizon-glass, are to be turned up, in order 
to screen the eye from the bright solar rays proceeding from the direct and 
reflected suns ; which are to be made, by means of the shades, to appear as 
nearly as possible of the same degree of brightness. 


III. Zo set the Horizon-Glass parallel to the Index-Glass, when the 
Index Division is at 0 on the Arch. 


Make the index division of the nonius coincide exactly with 0 on the 
arch ; and, in order to make the coincidence as perfect as possible, examine 
them through the magnifying glass, or microscope, and fix the index by 
the clamp under it; screw on the telescope, and turn the screw L, at the 
back of the instrument, till the line which separates the transparent and 
silvered parts of the horizon-glass, bisect the field of the telescope. Having 
done this, hold the sextant perpendicularly, and direct the sight through 
the telescope to the horizon ; then, if the reflected and true horizons do not 
coincide, turn the tangent screw at the back of the horizon-glass till they 
be made to appear in the same strait line: then will the planes of the 
horizon and index-glasses be parallel. 

This adjustment, in some instruments, is made by means of two screws 
placed near the horizon-glass, which act against each other in turning the 
frame round its axis: these screws are moved by a steel lever-pin, put into 
one of the holes made through the head of the screw; and in making the 
adjustment by these screws, care must be taken, that when one is slackened, 
the other must be tightened, in order that they may sufficiently press 
against each other, and prevent the horizon-glass from altering its position, 
when the direct and reflected horizons are made to coincide. But although 
the adjustment made by these screws is not so liable to alter as when made 
by a tangent screw, it 1s recommended not to depend on this adjustment, 
but rather to find the index error; and indeed this becomes absolutely 
necessary when the horizon-glass is so constructed as not to admit of the 
adjustment, which is the case with most modern instruments 


To find the Index Error. 


The index error is the number of minutes and seconds pointed out-b 
the nonius, when the direct object and its reflected image coincide with 
each other, and may be found as directed in the adjustment of the fore 
horizon-glass of the Quadrant, in page 177; but with greater accuracy by 
the following method :— 

Having screwed on the inverting telescope, adjusted the eye-tube to 
distinct vision, and turned up the proper shades, place the 0 on the nonius 
about 40 minutes to the right of 0 on the arch, and tighten the clamp c 
under the index of the sextant; then, holding the instrument perpendicu- 
larly, bring the direct and reflected suns in exact contact by the tangent 
screw, and read off the minutes and seconds pointed out by the nonius on, 
the arch of excess. which note down, and call it off; next place the 0 of 
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the nonius about 40 minutes to the /eft of 0 on the arch, and make the 
contact of the two suns correct. as above; read the minutes and seconds 
shewn by the nonius, which call on, and set it under the first arch; then 
half the difference of these two arches will be the index error, which is 
additive to all angles taken with the sextant, when the arch to the right of 0 
is greater than the arch to the left of 0, and subtractive when the contrary. 
The direct and reflected suns will appear through the inverted telscope 
thus— 
When the index-division is to the right When the index-division is to the left 


of 0 on the arch. of 0 on the arch. 
iia eo P 
Direct sun.... Reflected sun \ yy, 
— ~9 ‘ “* 
{ R aX 
Reflected sun i j Direct sun. ... 


s. é 
~ oa 
a 


teem eee’ 


Suppose the following observations were taken, to determine the index 
error 


EXAMPLE I. EXAMPLE II. 
4 4“ mn £f 
Off casi + 31 45 Of! ..... + 382 10 
On...... — 33 0 ON. vceces — 31 20 
2) 115 2) 0 50 
—. 037 + 025 
Index error 0! 37” subtractive, because Index error 25” additive, because the 
the arch to the left, or on, is greater than arch to the right, or off, is greater than 
the arch to the right of 0. the arch to the left of 0. 


To prove that the contacts were made correctly, add the arches together, 
and divide their sum by 4; the quotient should then be equal to the sun’s 
semidiameter, as given in Page II. of the given month in the Nautical 
Almanac: ‘Thus, suppose the observations in Example I. were made on 
February 2 th, 1858: here the sum of the arches is 64’ 45”, the fourth part 
of which is 16/ 11”, agreeing nearly with the sun’s semidiameter (16710".8) 
as given on that day in the Nautical Almanac ; it may therefore be pre- 
sumed that the contacts were correctly made. 

But if the altitude of the sun should be less than about 20° at the time of 
taking the absve observations, the sun’s horizontal, instead of the perpendi- 
cular, diameter should be measured ; for as refraction affects the lower limb 
more than the upper, it occasions the perpendicular diameter to be less than 
the horizontal, which is that given in the Nautical Almanac: im this case, 
the sextant is to be held horizontally, with the face upwaras, and the 
reflected sun brought into contact alternately with the right and left lim>s 
of the direct sun, as before explained ; the contacts will then appear thus— 


Reflected sun. Direct sun. Direct sun. Reflected sun. 


a i, | bs pe ; ¥ 
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IV. To set the Axis of the Telescope parallel to the Plane 
of the Sextant. 


In measuring angular distances, the line of sight, or axis of the telescope, 
should be parallel to the plane of the instrument, as a deviation in that 
respect may occasion a considerable error in the observation, and this is 
most sensible in large angles; to avoid which, a telescope is made use of, in 
whose field there are placed two wires parallel to each other, and equidistant 
from the centre, to which are generally added two others at right angles to 
these, and parallel to each other. By means of these wires, the adjustment 
may be made thus: screw on the telescope, and turn the tube containing 
the eye-glass till two of the wires are parallel to the plane of the instrument; 
then take two objects, as the sun and moon, or the moon and a star, or two 
stars, whose angular distance must not be less than 90 degrees, because the 
error is more easily discovered when the distance is great: bring them ex- 
actly into contact at the wire which is nearest the plane of the sextant, and 
fix the index; then, by altering a little the position of the instrument, 
make the objects appear on the other wire. If the contact still remain 
perfect, the axis of the telescope is in its right situation ; but if the limbs of 
the two objects appear to separate at the wire that is farthest from the 
plane of the instrument, it shews that the object-end of the telescope 
inclines towards the plane of the instrument, which must be rectified by 
tightening the screw nearest the sextant, which is attached to the ring that 
holds the telescope, having previously slackened the screw farthest from it. 
If the images overlap each other at the wire farthest from the sextant, the 
object-end of the telescope is inclined from the plane of the sextant, and 
the highest screw must be turned towards the right, and the lowest towards 
the left. By repeating this observation a few times, the contact will be 
precisely the same at both wires, and consequently the axis of the telescope 
will be parallel to the plane of the instrument. 


USE OF THE SEXTANT. 
T° observe the angular Distance between the Moon and the Sun 


‘Turn up one or more of the shades before the horizon-glass, according 
to the brightness of the sun, and set the index division to 0 on the arch ; 
then, holding the plane of the sextant so as to pass through the two objects, 
with its face upwards, when the sun is to the right-hand of the moon, or down- 
wards, when the sun is to the left (see Diagrams in the following page), direct 
the sight through the ring k and the horizon-glass, to the moon, without using 
the telescope, and move the index forward until the sun’s image come nearly 
in contact with the moon’s nearest limb ; then fix the index by the screw c 
under the sextant. Now screw on the inverting telescope, adjusted to 
distinct vision, placing two of the wires parallel to the plane of the instru- 
ment, and raising the telescope, by the screw L, to the transparent part of 
the horizon-glass: then, directing the sight through the telescope to the 
moon, holding the sextant as before directed, make the contact perfect by 
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means of the tangent screw B; at the same time moving the sextant slowly 
round the axis of the telescope, by which means the sun will appear to pass 
by the moon, and the contact be more accurately made; observing always, 
that the point of contact of the limbs should be as near the centre of the 
field of the telescope as possible. 

The arch pointed out by the nonius being now read off, as before 
directed, will shew the observed distance of the nearest limbs of the sun 
and moon. 

In the following Diagrams, A B represent the observed distance of the 
nearest limbs when the sun is to the right of the moon, and C D the distance 
when the sun is to the left of the moon. 
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It will perhaps be more easy for those who are not accustomed to take 
observations, to find the distance nearly, and setting the index forward to 
it, to look directly towards the moon, holding the instrument as before ; 
the sun will then appear nearly in contact with it, and is to be made perfect 
by the method above mentioned. In the Nautical Almanac, the distances 
of the sun and moon are set down for the beginning of every third hour of 
time at Greenwich, on such days as the moon is not less than 35 degrees, 
nor more than 125 degrees from the sun, and may be found for any inter- 
mediate time by proportion. From these distances you may compute roughly 
their distance at the time of observation, thus: calculate roughly the time 
at Greenwich, when the observation is to be taken, as directed in Page 155; 
then find by the Ephemeris the distance nearly at that time, from which 
subtract 30 minutes, the sum of the semidiameters, and the remainder will 
give the distance of their nearest limbs at the time of observation. 

It will save some trouble, and serve the purpose of finding the reflected 
image of the sun or moon in the horizon-glass, if you only set the index to 
the central distance, as set down in the Almanac for the nearest third hour, 
without correcting it to the intermediate time by a rough computation. 


To observe the Distance between the Moon and a Star or Planet. 


Turn up one of the lightest screens before the horizon-glass, and, with- 
out the telescope, direct the sight through the ring x, and the horizon-glass, 
to the star; holding the sextant in such a direction that if its plane be seen 
edgewise, it may appear to pass through the moon and the star, with its face 
upwards or downwards, according as the staris to the left or right of the 
moon; then move the index forward, until the reflected image of the moon 
be seen near to the star. Now screw on the inverting telescope, and adjust 
it as before directed ; bring the enlightened edge of the moon into contact 
with the star, by means of the tangent screw, at the same time moving the 
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arch of the sextant slowly up and down, by which motion the enlightened 
limb of the moon will appear to pass the star, and the contact be more 
accurately made, which should always be as nearly as possible to the centre 
of the field of the telescope. ‘The arch being then read off, will give the 
observed distance between the star and the moon’s enlightened limb. 

In the following Figure, A B represent the distance of the star at A from 
the moon’s nearest limb at B, and BC the distance of the moon’s furthest 
umb from the star at C. 
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If the distance between the moon and one of the stars set down in the 
Almanac, for finding the longitude, is to be observed, their distance may 
be roughly calculated, as before directed, to which set the index ; then look 
through the telescope, and direct the sight to the star; which is generally a 
bright one, and lies in a line nearly perpendicular to the horns of the moon, 
either to the eastward or westward, as denoted in the Almanac; and, holding 
the sextant in the plane of the two objects, give it a slow motion round the 
axis of the telescope, and if the moon’s image come into the field of the 
telescope, it is a proof you have taken the right star, as no other in that 
direction will correspond to it in distance. 

Tn this manner the distance of the moon from a planet is to be observed ; 
but the moon’s enlightened limb is always to be brought over to the centre 
of the planet.* 


ON THE ARTIFICIAL HORIZON. 


—==» "<p * Ga 


WueEN altitudes are to be taken on shore with a sextant, where the 
- observer has not the advantage of the sea horizon, he is obliged to have 
recourse to an artificial horizon, which is a horizontal plane with a smocth 
or polished surface, on which the rays of the sun, or other object, falling, 
are reflected back to an eye placed in a proper position to receive them : 
the angle between the real and reflected objects being then measured with 
a sextant, will be double the altitude above the horizontal plane. 

_ Such a horizontal plane may be obtained by pouring a quantity of oil, 
tar, treacle, or other fluid and viscous substance, into a shallow vessel; and, 
to prevent the wind giving a tremulous motion to its surface, a piece of 
thin gauze, muslin, or plate-glass, whose surface is perfectly plane and 
parallel, may be placed over it when used for observation. 


* A star is a mere luminous point, having no sensible diameter; but that of a planet 
amounts to a few seconds. [If the distance be taken as directed above, the necessity of 
allowing for the planet’s semidiameter will be avoided in clearing the distance. 
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An artificial horizon sometimes consists of a plane speculum, fixed mn a 
brass frame, standing upon three adjusting screws, by which its surface 
may be made horizontal with the assistance of a spirit-level placed on its 
surface in various positions ; observing that the screws be turned until 
the air-bubble always rests in the middle of the tube. The under surface 
of the plate of glass is sometimes unpolished and blackened, so that the 
image of the sun can only be reflected from the upper surface, which should 
be carefully polished, and a perfect plane by this means the errors that 
might arise from a defect of parallelism in the two surfaces are avoided. 

But the best and most approved kinds of artificial horizons are those 
produced by quicksilver, which being poured into a small wooden trough, 
will always, agreeably to the nature of fluids, preserve an exact horizontal 
plane at its surface: over ths is placed a roof, to protect the quicksilver 
from the action of the wind; in which are fixed two plates of glass, the 
two sides of each being ground perfectly plane and parallel. ‘These are 
usualiy packed in a mahogany box, with a vessel containing a quantity of 
quicksilver, ready for use when wanted. 

When one of these instruments is used, the observer is to place himself 
at a convenient distance, for instance, two or three feet, in such direction 
as that he may see the object reflected from the artificial horizon, as well as 
the real object; then, having screwed on the telescope of the sextant, and 
turned down the dark glasses before and behind the horizon-glass, the 
upper or lower limb of the sun’s image, reflected from the index-glass, 
is to be brought into contact with the opposite limb of the image reflected 
from the artificial horizon, observing that when the inverted telescope 1s 
used, the upper limb will appear as the lower, and vice versé*. the angle 
on the instrument being then read off, and the index error applied to it, will 
give double the altitude of the limb above the horizontal plane; to the half 
of which, if the refraction, parallax, and semidiameter be applied, the 
result will be the true altitude ef the centre. 

Exampte. Suppose, August 12, 1862, the observed angle between 
the lower limb of the sun, reflected from the index-glass of the sextant, 
and the upper limb reflected from the artificial horizon, to be 99° 45’ 30”, 
the index error of the sextant being %’ 20” to add: required the true 
altitude of the sun’s centre. 


° ’ ” 


Observed ‘ages cigs sintecs scansass rpetnsntaase’ 99 45 30 
BOGE GELOMs onecisccteesecstnetdesans te+s carina + 2 20 

2) 99 47 50 
Observed altitude of sun’s lower limb.... 49 53 55 
Refraction—Parallax (Table XVIII.)..... — 42 
True altitude of sun’s lower limb ......... 49 53 13 
Sun’s semidiaMeter....ercccrecceceveee eaveveos + 15 59 
True altitude of sun’s centre....... BA eA Ee 50 9 3 


ooo 


* It will perhaps be more easy to the observer, if he first bring the images of the sun 
nearly into contact by the naked eye, and afterwards screw on the telescope, and make the 
contact perfect by the tangent-screw. 


s 
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The following diagram will illustrate the method of observing altitudes 
with an artificial horizon - 
| Let A B represent the sur- 
face of the quicksilver, contained 
in a wooden trough, whose plane 
is continued to C; DEF, the 
roof, in which are fixed two plates 
of glass, DE and EF, whose 
surfaces are plane and parallel to 
each other; and O the sun at S.,. 
whose altitude is required. Now 
the ray SH, proceeding from the 


x OF sun’s lower limb to the surface of 
ae the quicksilver, will be reflected 
RS thence to the eye, im the direction 


. H G, and the upper limb of the 
suns image, reflected from the quicksilver, will appear in the line G H, 
continued to R; and it is a well-known principle in catoptrics, that the 
angle of incidence SH A or SHC, is equal to the angle of reflection GH B; 
and as the angle A H R or C H Ris vertical, or opposite to the angle G HB, 
it is therefore equal to it, and to the angle SHC: consequently the 
angle S H R is double the angle S H C, the altitude of the sun’s lower 
limb above the horizontal plane ; so that if we suppose the angle S H R, 
oe by a sextant, to be 70°, the altitude of the sun’s lower limb will 

35?. 

In theory, the eye of the observer should be placed at the angular point 
H; but asa ray 1G, proceeding from so distant an object as the sun to 
the eye at G, may be considered as parallel to the ray S H, the measured 
angle IG H will be equal to the angle S H R. 


ON FINDING THE 


LONGITUDE BY OBSERVATION, 


== SP SE 


Various methods have been proposed for determining the longitude 
of a place, but almost all of them depend upon one general principle, viz.. 
the comparison of the relative times under two different meridians; so that 
if the time under a given meridian be known, and also the time under any 
other meridian, the difference of these times, turned into degrees and minutes, 
in the proportion of 15 degrees to 1 hour, will be the difference of longitude 
between the two meridians. For as the sun apparently moves round the 
earth, from east to west, in 24 hours, or over an arch of 15 degrees of the. 

uator in | hour of time, all places lying to the eastward of any meridian, 
will have noon sooner, or if to the westward, later, by as much time as the’ 
sun takes to pass from the meridian of one place to the meridian of the 
other: hence, if the time at the meridian of Greenwich (from whence the 


longitude is reckoned), and of any other place, at the same moment o 
GG 
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absolute time, be given, its longitude from Greenwich may be inferred by 
reducing the difference of the times into degrees and minutes, in the pro- 
portion of 15 degrees of longitude to 1 hour of time: moreover, if the time 
at the place be greater than that at Greenwich, its longitude will be east, 
but if less, it will be west. ‘Thus, suppose it is ascertained that the time 
at Greenwich is 2 hours past noon when it is just noon at the ship; it will 
thence appear that the longitude of the ship is 30° west of the meridian of 
Greenwich, because the sun passes over 30° of the equator in 2 hours of 
time, and having left the meridian of Greenwich 2 hours since, the ship 
must consequently be to the westward of that meridian. If we suppose the 
time at the ship to be 2 hours past noon when it is noon at Greenwich, her 
lengitude would be 30° east of the meridian of Greenwich; for the sun in 
this case would have passed the meridian of the ship 2 hours before he 
passed that of Greenwich. 

Now the time at any given meridian may be easily computed by an 
altitude of the sun or other celestial object, taken when distant from the 
meridian, or from observations of the sun when at equal altitudes; and the 
time at Greenwich may be ascertained by means of a chronometer, or by 
various astronomical observations. With respect to the first of these, it is 
obvious that if a clock or watch could be so constructed as to go uniformly in 
all seasons, and at all places, such a machine being once set to mean time at 
Greenwich, would always shew the mean time at that meridian, on whatever 
part of the earth it might be ; and therefore, if the mean time under any other 
meridian were found, and compared with that shewn by the chronometer 
the longitude of the place from Greenwich would be readily obtained. To 
effect this purpose, several ingenious artists have exerted their abilities, and 
have brought chronometers to an astonishing degree of perfection, whereby 
they have become a valuable acquisition to the navigator, in determining 
the difference of longitude made in short periods: however, considering 
the delicacy of their construction, and the various accidents to which they 
are liable, an implicit confidence ought not to be placed on them alone, par- 
ticularly in long voyages ; but recourse should be had to astronomical 
observat?ons, whenever opportunities present themselves. 

The various astronomical methods of determining the longitude depend 
likewise upon the above-mentioned general principle; for, by observing the 
time at the meridian of a given place when any celestial appearance happens, 
and comparing the same with the time at Greenwich, as shewn by the 
Nautical Almanac’*, their difference, reduced to degrees and minutes, gives 

* The Nautical Almanac was originally proposed by the late Dr. Maskelyne, Astronomer 
Royal, and the first published was for the year 1769, by order of the Commissioners of Longi- 
tude; being constructed, ca)culated, and printed under the immediate inspection of Dr. M., 
and after his decease, continued annually, with additions, by Mr. Pond, the late Astro. 
nomer Royal, till the year 1833. 

In 1834, this most important and useful Work, so essential to the Navigator and Astronomer, 
was published by order of the Lords Commissioners of the Admiralty, according to an improved 
plan, recommended by a Committee of the Astronomical Society; and is now conducted under 
the superintendence of Professor J. R. Hind and Richard Farley, F.R.A.S. 

All the calculations in the New Nautical Almanac are set down tor mean time, at the 
meridian of Greenwich, excepting those in Page I. of each month, which are computed for 


apparent time. In the latter part of the Work is given aclear and copious explanation of al] 
the articles contained therein, which renders any further explanation here unnecessary. 
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the longitude of the place where the observation is taken. Suppose, for 
Instance, that an eclipse of the moon should be observed at a certain place to 
begin at midnight, and that by the Almanac, the time at (treenwich, when 
the eclipse commenced, was 3 hours past midnight : now as the commence- 
ment of the eclipse must be seen -at the same moment of absolute time in 
all parts where it is visible, the difference between the time at the place 
of the observer and that of Greenwich, which is 3 hours, and answers to 
45 degrees, must be the longitude of the place; and it is evidently west, 
because the time at the place is less than the time at Greenwich. Upon 
the same principle the eclipses of Jupiter’s satellites will give the longitude. 
But eclipses of the moon happen too seldom to be of use at sea; and the 
satellites of Jupiter are visible only through a telescope of considerable 
magnifying powers, which cannot be managed on board a ship. 

The most practical method of ascertaining the time at Greenwich by 
celestial observations taken at sea, is that of measuring the angular distance 
between the moon and sun, or the moon and certain stars or planets near 
the ecliptic, usually called a lunar observation, both on account of the 
quick motion of the moon in her orbit, and the frequent oyportunities that 
offer for taking such observations ; for in favourable weather, distances may 
be taken at all times when the objects are more than 9 or 10 degrees above 
the horizon, except about the time of new moon; and, as the moon’s daily 
motion is about 13 degrees, or at the rate of 1 minute of a degree in two 
minutes of time, if her true angular distance from the sun, a star, or a planet 
can be ascertained within 30” of a degree, the corresponding time at Green- 
wich will be known within one minute of time, and hence the longitude 
within 15 minutes of a degree. 

This method of determining the longitude was proposed many years ago 
by Mr. John Werner and others; but, from want of proper instruments to 
observe the distances, and of a good lunar theory to ascertain the moon’s place, 
it was laid aside. These difficulties are, however, now happily obviated by 
the invention and improvements of Hadley’s Sextant. and the accuracy of 
the new Lunar Tables; so that a good observer, with proper instruments, 
__may depend upon the longitude found by this method within a few minutes 

of a degree. | 

To facilitate this important problem, the true angular distances between 
the centres of the moon and the sun, a fixed star, or planet,* are set down 
in Pages XIII. to XVIII. of each month in the Nautical Almanac, for 
the beginning of every third hour of Greenwich mean time; and the time 
answering to any intermediate distance, may be found by pruportional parts: 


* The Stars used in the Nautical Almanac for the above purposes are, c. Arietis, Aldebaran, 
Polluz, Regulus, Spica Virginis, Antares, a Aquile, Fomalhaut, and a Fegasi. As a know. 
ledge of these stars is of great importance to the observer, the Author hus published a Set of 
Celestial Maps, with directions for using them, in which the above stars are particularly 
pointed out, and may be more readily known by comparing the maps with the heavens, than 
they possibly can by any verbal description. 

The Planets from which the moon’s distances are computed, are Venus, Mars, Jupiter, and 
Saturn; these distances were formerly published by Professor %:humacher, at Copenhagen, 
but are now introduced into the new Nautical Almanac among the other distances, being 
calculated under the direction of Professor J. R. Hind a), Richard Fatisy, F.R.A.S. 
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hence the distance between these objects being taken with a sextant or circle 
aud the corresponding mean time at Greenwich found by the Almanac, and 
compared with the mean time at the ship, their difference will be the longi- 
tude of the place of observation. 

But since the observed distance is always taken from the surface of the 
earth before it is compared with the true distances in the Almanac, it must 
be corrected, in order to find what it would have been if observed at the 
centre, to which point the true distances are referred ; for, by the effects of 
parallax and refraction, the moon is seen lower than its true place, and the 
other objects higher: hence the true is almost always different from the 
observed distance. 

In taking a lunar observation, two assistants should be employed to 
observe the altitudes of the objects, while the principal observer is taking 
their distance; also one with a watch, to mark the times when the observa- 
tions were made. If one of the objects be at a proper distance from the 
meridian, the time may be inferred from its altitude; but if it be too near 
the meridian, a watch or chronometer will be absolutely necessary, whose 
error must be found by an altitude taken before or after the lunar observa- 
tion, according as it is most convenient. 

The quadrants and sextant being properly adjusted, and their index errors 
found, place the assistants in the most convenient situation, and let the one 
holding the watch be provided with a paper and pencil, to note down the 
observations when taken. All things being ready, proceed to take thedistance 
between the objects, the assistants at the same time observing the altitudes 
of each. When this is done, give notice to the assistant with the watch, who 
is to mark the exact time, and set it down, together with the observations 
read off from the instruments. In this manner proceed four or five times, 
each set of observations being noted down in proper order; then take the 
mean of. the times, and of each observation, by adding them together, and - 
dividing their sum by the number of sets observed; the quotient will give 
the mean of each set, which is much more to be depended upon than if one 
set only were taken. ! : 

The following example will shew the form in which a set of lunar observ- 
ations are to be written down: 


June Height of the eye 20 feet. 
Times by watch. Alt. of * Antares. Alt: of )’s L. L. Dist.) ’s far. Le 
° U ” ° U o U 


h m. s. 

9 21 0 26 51 O 41 45 30 62 26 53 

22) DOs a Pre 2 a eo 41 33 0 26 12 

23°—«*6 a1” Gm 41 25 30 25 di 

24 15 27-12 --0 41 14 30 25 14 

26 0 27 24 0 40 58 0 24 25 

BIG, SAD URE Oe PL aeG romeo ee 

Means......... 9 23 20 27 6 12 41 23 18 62 25 43 
Err. of watch. + 10 —- 1 0 + 1 15 —_ 10 Ind.Errs, 

9 23 30 1 Ga my 41 24 33 62 25 = 33 


It may sometimes happen that, from wantof proper assistants, the altitude: 
of the two obiects cannot be taken at the same time with their distance ; in 
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which case the altitudes may be inferred from the apparent time and the 
latitude of the ship, according to rules laid down for that purpose; but it 
must be observed, that unless these be well determined, the operation will 
bring out a considerable error: it will therefore be found much more accu- 
rate to adopt the following method, by which one person can take a set of 
observations without assistants, having a good quadrant to take the altitudes, 
and a sextant to observe the distances. 

Let the observations be taken in the following order, noting the times by 
a watch: 1, the altitude of the sun, star, or planet; 2, the altitude of the 
moon ; 3, any odd number of distances; 4, the altitude of the moon; 5, the 
altitude of the sun, star, or planet. Now add together the distances, and 
the times when they are taken, each of which being divided by the number 
observed, will give the mean of the times and distances; then, to reduce the 
altitudes to the mean of the times, say, as the difference of times between 
the observations is to the difference of their altitudes, so is the difference 
between the time that the first altitude was taken, and the mean of the times, 
to a fourth number; which, added to, or subtracted from, the first altitude 
of each object, according as it is increasing or decreasing, will give the alti- 
tudes reduced to the mean of the times.* 


EXAMPLE. 


Suppose the following observations were takeu at the under-mentioned 
times: required the altitudes of the sun and moon, reduced to the mean of 
the times and distances. 


Times per watch. 
3h. 25m.41s. Alt. of sun’s lower limb......... 54° 9 0” 


28 44 Alt. of moon’s upper limb......20 3 0 
. 32 50 Dist. nearest limbs.......ceccseee Tah. 1323p : 
<a gl ia 33 30 Dist. nearest limbs........sseseee 73 14 10 ihe r sei 
‘ats ts 35 OO Dist. nearest limbs..........0. con Sa” F436 
38 20 Alt. of moon’s upper limb...... 20 45 0 
42 4 Alt. of sun’s lower lmmb......... 53 14 0O 
Times. Altitudes. Times. 
Ist alt. 3h. 25m.41s. 54° 83 3h. 25m.41s. _—Ist altitude. 


2d alt 3 42 4 53 14 3 33 47 ~~ mean of times. 


Oi ae 16 23 51 8 6 = 9° 2h 137% 
First altitude of sun’s lower limb......... 54 5 0 


Reduced altitude of sun’s lower limb .. 53 39 47 


Times. Altitudes. Times. 
Ist alt. 3h. 28m.44s 7 pee 4 3h. 28m.44s. _—— Ist altitude. 
2d alt 3 38 20 20 45 3 33 47 ~~ # mean of times 
Diff... 9 36 42 5 3 —_ 0° 297 6’ 
First altitude of moou’s upper limb......... 20 3 90 


- 


Reduced altitude of mcon’s upper limb ... 20 25 6 


Hence we obtain the following set of observations. 
Time per watch. Dist. nearest L. of O&C(. = Alt. of ©’s L. L. Alt. of }’s U.L 
3h, 33m. 47s. yh ue Cae 53° 39/ 47” 20° 27 


* The change of altitude may be readily found by Proportional Logarithms See Uxpla- 
nation to Table XXXIV 
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To find the apparent, or mean Time, at Ship or Place of Obserration, and 
thence the Error of the Watch, by an Altitude of the Sun. 


Rutes.—1. With thecstimated longitude, and apparent time at ship when 
the observation is taken, find the corresponding apparent time at Greenwich 
- by the Rule in Page 155, to which apply the equation of time, taken out 
for the nearest noon from Page I. of the month in the Nautical Almanac, 
as directcd at the head of its column: the result will be the corresponding 
mean time at Greenwich nearly. Or the Greenwich mean time inmay be 
found by a chronometer, whose error for that meridian is known. 

2. From the observed altitude of the sun’s lower limb subtract the dip 
of the horizon (V.), and the refraction (IV.), or the difference of refraction 
and parallax (XVIII.), and to the remainder add the sun’s semidiameter, 
taken from Page II. of the Nautical Almanac; the sum will be the true 
altitude of the sun’s centre. Or the correction for the dip, refraction, and 
semidiameter may be nearly found at once by Table IX. 

3. ‘Take out the sun’s declination for the preceding noon at Greenwich, 
from Page II. of the Nautical Almanac, and correct it for Greenwich mean 
time by ‘lable X XI. or Table XX XIII. 

4. ‘Take out the equation of time from Page I. of the Nautical Almanac, 
and reduce it to Greenwich time by the hourly difference on the given day. 

5. Then proceed according to one of the following methods, | 


METHOD I. 

1. Subtract the sun’s declination from 90°, when the latitude and decli- 
nation are of the same name; or add it to 90° when they are of contrary 
names; and the sum or remainder will be the sun’s polar distance. 

2. Add together the sun’s true altitude, the polar distance, and the lati- 
tude of the place of observation; take the difference between half their sum 
and the sun’s true altitude, and note the remainder: 

3. Then add together, 

The co-secant of the polar distance (X XV.) ; 
The secant of the latitude ; 

The co-sine of the half sum; 

And the sine of the remainder. 

4. ‘The sum of these four logarithms, rejecting tens in the index, will be 
the log. (XX -XI.), answering to the apparent time from the nearest noon: 
consequently, if the observation be made in the morning, the time thus 
found must be taken from 24 hours, to obtain the apparent time from the 
preceding noon. 

5. 'To the apparent time thus found, apply the reduced equation of time, 
by addition or subtraction, as directed at the head of its column in Page I. 
of the Nautical Almanac; and the sum or remainder wll be the mcan time 
at the ship, or place of observation. Hence the error of the watch or chro- 
nometer, at the meridian of the place, may be found either for apparent or 
mean time. 


+ Or the correction for reducing the declination to Greenwich mean time may be found 
by the dif? for } hour, in the Nautical Almanac. 
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METHOD II. 

1. When the sun’s declination, and the latitude of the place, are of the 
same name, take their difference, but when they are of contrary names, 
‘ake their sum, under which set the sun’s zenith distance*; take the sum and 
difference of these, also the half sum and half difference; then add together. 

2. The log. secant of the latitude (X XV.) ; 

The log. secant of the declination ; 
The log. sine of the half sum ; 
And the log. sine of the half difference. ; 
The sum of these four logarithms, rejecting tensinthe index will bethelog. 
X X XI.), answering to the apparent time from the nearest noon, as before. 

This method of computing the apparent time will be found very convenient 
when it is required to work to the nearest second ; since the proportional 
parts to seconds, being all additive, may be added at once with the loga- 
rithms, to find the required logarithm. 

Norr. The observations for finding the time should be taken when the 
sun, or any other celestial object, is at least three hours from the meridian ; 
and the nearer it is to the east or west points of the horizon, the better ; 
because then the change of altitude is quickest, and an error of a few miles 
in latitude will not materially affect the time.t 

It will be proper to observe several altitudes, noting the times, by the 
watch or chronometer, when each is observed, and to use the means of the 
sets, which are found by adding the sets together, and dividing their sum 
by the number that are taken. 

EXAMPLE I. 

August 16, 1866, the following observations were made of the sun’s 
lower limb, in latitude 36° 30’ N., and longitude by account 152° E., the 
height of the observer's eye being 20 feet: required the true apparent and 
mean time at the ship, and the error of the watch. 


App. Times Altitudes of m. 8 
by Watch. Sun’sL L. , h m. Equat. of time. 
owes. Ge’ App.time at ship,Aug.16, 4 42 Aug. 15, (p.I. + 4 16.70 
440 0 24 20 - 24 Naut. Alm.) 
4110 24 4 Cor &. h. 
42 5 23 505 App.time at ship.Aug.15, 28 42 H.diff.—0 48K18z=— 8.96 
43 0 23 36 Longitude in time ...... 10 8E. 


4417 23 2)3 Eq. at Green. time-+ 4 7 74 
——_——_ Green.app.time, Aug.15, 18 34 - 
5) 210 32 119 12 Equation of time ........« 4 


ea er 


Means 4 42 6 23 50 24 Greenwich mean time... 18 38 August 15. 
Dip of horizon... — 4 17 


° , “ 


Sun’s declination, August 15, (p. II. N. A.) ... 14 3 43.N. 
h. 


23 46 7 a ” 
Corr.(XVIII)... — 2 0 Hourly diff.— 46.87 K 183 = 874.9 =...... — 14 35 
23 44 7 Sun’s declination at Greenwich mean time...... 13 49 8N, 
Sun’s semidiam. -+- 15 50 90 
Sun’s true alt.... 23 59 57 Sun’s polar distance ......ses0.. eccccsveccecees recess 16 10 52 


oe ed 


* The zenith distance is found by subtracting the altitude from 90°. 

+ The time from noon, or the altitude, when the sun or other celestial object is in the most 
advantageous position for finding the t'me at the place of observation, is given in Tables 
XLV. and XLVI. 


“le 
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METHOD I. 
True altitude... .. 24° 0’ 
Polar distance ... 76 11 ...0-..Co-secant 0.01275 
PUBLICS | ebcccnans 36 30 ....000--9ecant ... 0.09482 


Sum Peeceseeeseoees 136 Al € 
Half-sum ccccooees 68 204 soocsveoeCO-Sin€vee 9.56711 
Remainder ........ 44 204 ....... «Sine see. 9.84443 
h. m. s. a h. m. 8, 
Apparent time at ship eereoecoce 4 40 43 eewres Log eeoecee 9.51911 eeeeereee e+ eeeeseses 4 40 43 
Equation of time eececeeceeocoseee + 4 8 eer .-. Lime by Watch eeereeresoeere erteetecersese 4 42 6 
Mean time at ship ...s.cccccee 444 51 soos... Watch fast for apparent tiIe......060. 1 23 
Time by watch ...ccccoccscsosese 442 6 
' Watch slow for mean time ... 2 45 
METHOD II. 
Latitude eeeecese eeaseerccooeres 36° 30’ 0” N. eeevceteseceecenees Secant 0.094821 
Sun’s declination ......... 13 49 8 Nz cccccccccsccsseeee Secant 0.012752 
tre wae 4* 
Difference ..-.eccccecseeeee 22 40 52 
Zenith distance .....-..... 66 0 3 
a Lae ° ‘ lA 58 
Sum eee eet eoeeserenecoseoreseres 88 40 55 Half 44 20 27... SiNC. 0s 9.844372 
DUETENCE ipcescssvvicesocsce MO ED AM Half 21 39 35...Sine... 9.566951 
185 
h.'m. s. , —_—- 
Apparent time at ship ... 4 40 43.7...ccccocsccccccccececerLs0gee. 9.51914.3 
Equation of time «048 f+ 4 7.8 —renene 
Mean time at Ship ...... 4 44 51.5 


or 


EXAMPLE II. 

March 15, 1866 (czezl time), the following observations of the sun’s lower 
limb were mado in latitude 16° 29’ N., and longitude 99° 30’ W., the 
height of the observer's eye being 22 feet, and the error of the sextant 
2 50° to be subtracted: required the apparent and mean time at the 
meridian of the ship, and the error of the watch. 


App. Times Altitudes of h. m. m. Ss. 
By ae. Sun’sL.L. App. time at ship, March 14, 18 45 Equation of a 9 6.27 
» ° ° \e] : seg . 
18 42 be 10 28 45 Long. 99° 30’ W. in time... 6 38 Matai eet 
44 50 35 30 Sa ‘War 
46 44 44 18 io 23 H.diff.0.71X14= — 1.06 
Equat. at Green- 
3) 134 26 108 30 App. time at Greenwich...... 1 23 wich time...... \ 9 5.21 
18 44 49 10 36 10 Eq. of time (p. ILN.A.) ... + 9 —_——_—- 
Index error ... — 2 50 )fean time at Greenwich ... 1 32 March 15. 
ees aed ye O.. of' ie 
10 33 20 Sun's declination, March 15,(p. II. N 
th a 5 5 Pp: . - A.) eeeece 2 6 21 S. 
Cor(IX)+6'.6= + 6 36 Hourly diff. — 59’.21 x 14h. = 88.81 ... — 1 29 
Sun’s truealt.. 10 39 56 gun’s declin. at Greenwich mean time ssc. 2 4 52 
©’s zenith dist. 79 20 4 guns DGlAS CINTRANOe iroe eee sc teases oo etre 92 4 52 


* For the method of finding the proportional parts of secouds, see Explanation to Table XXV. 
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METHOD I. 
True altitude ...... 10 40 | 
Polar distance...... 92 Sxiese o+eeeCO-SeCant.....+. ayer eve 9.00079 
Latitude ....ccccocee 16 29...cccccccesSCCANE, oor ceccceses axibadene tet 0. 01823 
SUM cco ccsccscctcccces 119 14 
TABLE 50s odatacecs 309 Biiedeen eeecses Co-sine eeerecee @rereee s@eeeres 9, 70396 
Remainder ....... ag Ath GD TocvougdacpanmlliC. sabasases aaR eo aiakchcaneRan 9. 87745 
h. m. s. oo 
Time from noon eeeseeseaceseee 5 12 5Gcesnssees LOG SOR COSESEEEOEOHO OS eer eesee8 9 59993 (XXXI., 
24 — 
SS h. m. s. 
Apparent time at ship .....+4.. 18 47 4 sseccerecsenes eevecceee Sasdebtnbesap sak poe seen Fataais 18 47 4 
jquation of time ...-.....00008 + 9 5 Time by watch © ....0..-..006 seteseaet . 18 44 49 
fean time at ship ............ 18 56 9 Watch slow for apparent time ...... 2 15 
Bime DY Watch ...2., 000 ,0ccccees 18 44 49 _—_—— 


Watch slow for mean time ... 11 20 


METHOD II. 


° 4 “/ 
i shea shonte Sat: AEA IN i cas cikectsc rs egncnacs OCA: Ualhi ace 
Sun’s declination ......0.- Tema Gs Ook ssc iesathtedevessece o-.--Secant 0. 000283 
—- 4 


Sum eeeeeeeeesee + OFGe CeeeeeeE8 18 .83 52 
Zenith distance....cccccccccee 19 20 4 


—_--_—— orf 106 
Sum @eeeeeeeesese® Seeeteeeseses 97 53 56 Half 48 56 58 +e SIN... 9, 877340 
Ditference @eeeeererecescesoeaeoee 60 46 12 Half 30 25 6 sacle. es 9, 703964 
22 

h.m. s. 


Apparent time from noon . 5 12 56.7 ....cccescceceeseeeeseee Li0eee9. 9994.5 (XXXI.) 


Having found the apparent time from noon, proceed as in the first method, 
to find the apparent and mean time, and thence the error of the watch. 


To find the apparent and mean Time at Ship or Place of Observation, and 
thence the Error of the Watch, by an Altitude of a Star. 


Rures.—1. With the estimated longitude and apparent time at ship, or 
by a chronometer, find the mean time at Greenwich, as directed in the 
last problem, Page 230. 


2. From the observed altitude of the star, subtract the dip (V.) and 
refraction (IV.), or subtract the correction taken from Table XV., and 
the remainder will be the star’s true altitude. 


3. Reduce the star’s right ascension and declination (XIII.) to the given 
year and month,* and the sun’s right ascension, taken out for the preceding 


* In the Nautical Almanac for 1866, the true apparent right ascensions and declinations 
of the principal fixed stars (that is, their mean places corrected for the effects of precession, 
aberration, and nutation,) are given, from page 336 to 387 for every day, or tenth day of the 
month, and may be thence taken, instead of their mean places in Table XIII., in cases where 
the greatest accuracy is required. 

H u 
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noon from Page II. of the month in the Nautical Almanac, to the mean 
time at Greenwich (XXII. or XX XIII.), or by the hourly difference 

4. Take out the equation of time from Page I. of the Nautical Almanac, 
and reduce it to Greenwich mean time by the hourly difference on the 
given day. 

5. Proceed as with the sun, by either of the methods in the last Problem, 
to find the hour-angle, or star’s distance from the meridian (which, with 
the sun, is the time from noon); this being added to the star’s right 
ascension if the star be to the westward of the meridian*, or subtracted 
from it, if the star be to the eastward, the sum or remainder will be the 
right ascension of the meridian. 

6. From the right ascension of the meridian (increased by 24 hours if 
necessary) subtract the sun’s reduced right ascension ; and the remainder 
will be the apparant time of observation at the meridian of the ship. 

%. To the apparent time thus found, apply the reduced equation of 
time, by addition or subtraction, as directed at the head of its column in 
Page I. of the Nautical Almanac; and the sum or remainder will be the 
mean time at the ship, or place of observation. Hence the error of the 
watch or chronometer, at the meridian of the place, may be found either 
for apparent or mean time. 

EXAMPLE I. 

January 5, 1866, in latitude 18° 18’ N., and longitude by account 55° 
45’ West, the following altitudes of the Star Procyon were taken, when it 
was (west of the meridian), the observer's eye being 20 feet above the 
surface of the sea: required the apparent and mean time at the ship, and 


thence the error of the watch. 
App. Times Altitudes he m4. O° cr Ie 


hd sihy ot che Bist. Apparent time at ship ... 16 49 45 _ Star’s obs. altitude... 24 0 0 
16 41 30 26 13 Long. 55°45'intime(XIX.) 3 43 OW. Dip of horizon........— 4 17 
= ey ms ce Apparent time at Green. 20 32 45 23 55 43 
Equation of time eeeeceves 6 6 Refraction...ssccoccesses ee 2 8 


54 30 22 47 
59 13 21 17 


eee 


ee ee 


Mean time at Greenwich 20 38 51 _— Star’s true altitude ... 23 53 35 


or 


5)248 48 120 0 


hie Als Be s. 


m. 
16 49 45 24 0 Sun’s R. Ascen.,Jan.5... 19 5 7 -Equat. of time, Jan.5, 5 42.50 
Cor. for20h.39m.(X XII.) + 347 H.df.+1s.11K20%h= + 22.94 
Sun’sR. A.atGreen.time 19 8 54 Eq.at Green. time... 6 5.44 
hh, visita: 7 ee 
Star’s right ascen. Jan. 1860 (XIIL) 7 31 58 Star's declin, Jan. 1860 (XIIL) 5 34 51 N, 
Ann. var. + 3s. 15 X 6 = 188.9 = + 19 Ann.var.— 8’.77 x 6=52”.62= — 53 


fe 


Star’s right ascension, Jan. 1866T... 7 32 17 Star’s declination, Jan. 1866f... 5 33 58 
90 


fe 


Star’s polar distance............... 84 26 2 


* The time of the principal stars passing the meridian will be found in Table XLIV. 
T Procyon’s right ascension, taken from page 350 of N. A..on given day, is 7h. 32m, 19s. 
+ Procyon’s declination, taken from page 350 of N. A., will be found 5° 33’ 46” N, 
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oO , 
Star’s true altitude... 23 54 
Polar distance...... ons: O41 26) cosigccss tasichas chet oc cdanecants 07002005 
Ship’s latitude.....0.0. 18 18 ..cccccorcevccecs areeeeS@CANt vee 0.02254 
Sum eeeseivseoervrerseone evens Leo 38 


Half-sum eetcercee 


sereee 


63 19 eoecee Gi aaudvedp unites opt sth-SiliGene 9. 65230 


MEMEOMINOLGE. 55. ccvectpen./anhi OU) cwulecesscuatisciis oxte Sine ...... 9, 80274 

Se. diiet Be —— 
Star’s distance from meridian ...... 4 26 33 W. ......sseveceeeLiOgseseeee 9.47963 (KXXI.) 
Star’s right ascension..........s+e soe 7 32 17 eee 
Right ascension of meridian ......... 11 58 50 

24 

35 58 50 
Sun’s right ascension....cccccceceeree 19 8 54 

“comet setae h. m. 8. 
Apparent time at ship Oeccesrecrccces 16 AGO DG Sac is ccakcockss beck te cece Occoeveccossaceseres 16 49 56 
Equation of time.....ccccccsscsserrervee 6 5 Mean of times by watch sesso 16 49 45 
Mean time at ship ...cccccoresesesseeee 16 56 1 Watch slow of app. time seeseeree 0 1) 
Mean of times by watch .......0000. 16 49 45 ee 
Watch slow for mean time .s+000-+- 6 16 


ee 


EXAMPLE II. 


April 22, 1866, in latitude 42° 10’ 


N., when a chronometer, which was 


5m. 16s. fast for Greenwich mean time, shewed 9h. 8m. 46s., the observed 


altitude of the star Arcrurus (eastward of the meridian) was 36° 54’; 


the. 


error of the instrument being 3’ 0” to add, and the height of the observer's 
eye 24 feet; required the apparent and mean time at ship, and thence the 


error of the chronometer. 


h, m. 8. h. m. s. 
Mean time by chronometer 9 8 46 Sun’s right ascen.(p.1I1.N.A.) April 22 1 59 43 
Chronometer fast .oo.s0.++-+ — 516 Correction for 9h, 3m. (Table XXII)... 4+ 1 24 
Mean time at Greenwich... 9 3 30 Sun's right ascen.at Greenwich time... 2 1 7 
mais h. m. 8, 
Star’s observed altitude......... 36 54 Star’s right ascen., Jan. 1860 (XIII.)... 14 9 17 
Index error to add .......0e00000. 4 3 <Ann.var. + 2s.73 X 64 = 17s. 29 =... + 17 
. 36 57 Star’s right ascension, April, 1866*...... 14 9 34 
Correction from Table XV.... — 6 anes 
° / “7 

Star’s true altitude........++.e0. 36 51 Star’s declination, Jan. 1860 (XIII) ... 19 54 47 N, 
Ann. var. — 18”,92 X 64 = 119".83= — 2 0 

m. 8. 
Equation of time, April 22 1 32.34 Star's declination, April, 1866+ ......... 19 52 47N., 
Hourly diff.4-0s.50X9h.= -+- 4.50 90 


1 36. 84 


Equation at Green. time ... 


Star’s polar distance ... 


COCCOR See eee eeesceoe o 


709 733 


* Arcturus right ascension, taken from page 363 of N.A., is 14h. 9m. 35s, 
+ Arcturus declination, taken from page 363 of N. A., is 19° 52’ 45” N, 
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° ¢ 

Star’s true altitude. 36 51 

Polar distance ...... 70 7 eoetee Coceeercoroscs ereoee eevee CO-Secant. 0. 02669 

Latitude  ccccccscsece 42 10 ceccecccccccccccessoscorccvers Secant ... 0. 13007 

SUM © ssccsscoceenessees 149 8 7 

SCT Tres aeperrary ear F4 BA Le cccngetecstestesevederetedt Co-sine... 9. 42507 

Remainder.....-seeee. BT AS coccccceccescoccccsescescecees Sine ...... 9.78658 

h..m. 8, meee 
Star’s distance from meridian 3 51 12 E...cscccescssscsesecscocees L0G. sccsnse 9.36841 (XXXI.) 
Star’s right ascension ...cccce. 14 9 34 te ery 
Right ascension of meridian. 10 18 22 
Sun’s right ascension ......... r Pigd te § 
; 5 oes h. m. 8 

Apparent time at ship .....+00. Bl Ti 15 cL vccccacdesescesete tuvgas cutive saantne ins -ai uaa ‘817 15 
Equation Of time ....ecseseeeees — 1-37 Time by chronometer...........:sceecsoensss 9 8 46 
Mean time at ship .se.eese. .« 8 15 38 Chronometer fus¢ for apparent time...... 51 3l 
Time by chronometer ........- 9 8 46 
Chronom. fast for mean time 53 8 


To find the apparent and Mean Time at Ship, or place of Observation, 
and thence the Error of the Watch or Chronometer, by an 
. Altitude of a Planet. 


Rores.—1. With the estimated longitude and apparent time at ship, 
or by a chronometer, find the mean time at Greenwich by the Rule in 
Page 230. ~ 

2. From the observed altitude of the planet, subtract the dip (V.) and 
refraction (IV.), and to the remainder add the parallax in altitude 
(XLVIII); the result will be the true altitude of the planet. 

8. Take the sun’s right ascension from Page II. of the Nautical Almanac 
for the preceding noon, and reduce it to the mean time at Greenwich 
(XXII. or XXXIII.), or by the hourly difference from the N. A. 

4. Reduce the right ascension and declination of the planet taken from 
the Nautical Almanac, to the mean time at Greenwich. (See Note at the 
top of Page 185). 

5. Take the equation of time from Page I. of the Nautical Almanac, 
‘and reduce it to Greenwich mean time, by the hourly difference on the 
given day. 

6. Proceed as with the sun, by either of the methods given in Pages 230, 
231, to find the planet’s meridian distance, and thence compute the apparent 
and mean time at ship, as directed by the Rules for a Star, in Page 234. 


EXAMPLE I. 


August 5th, 1866, in latitude 32° 16’ S., and longitude by account 
123° 00° W., at 16h. Om. apparent time by watch, suppose the altitude 
of the Planet Mars’ centre to be 42° 58’ 30" (Hastward of the meridian), 
the height of the observer’s eye being 18 feet: required the apparent and 
mean time at ship, and from thence the error of the watch. 
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h. m. 4 
App.time ship,Aug.5 16 00 


App. time at Green.. 24 12 
24 Refraction (IV.) 


1 


Ditto August6 .... 0 
Equation of time.... + 


Mean time at ae 018 
wich, Aug. 6 .... 


h.m. s. 
Mars’ ROA, Aug. T., 430 3s P270N.A.) 
Variation in 24 hours 2 47..Log. 0.9356 
Greenwich ean time Oh. 18m. ..Log. 1.9031 
Variation in Oh. 18m.. mn "0 9 .. Log. 2.8387 


od 


Mars’ obs. altitude.. 42 58 30 
Long. 123° 0’ in time 8 12W.Dip of horizon (V.). — 4 4 


2 
6 Par.inalt.(XLVIII.) + 4 
Mars’ true altitude 42 53 29 
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° ? a h 


a 


Sun’sR.A August6.. 9 
Hour. diff.+-9s.59X18m.= 


m. J 
4 

+ 3 
Sun’s R.A.atGreen.time 9 4 51 


42 54 26 

ener 1 1 
m. s. 

Equation of time,Aug.6, 5 37.58 


Hour. diff.-0s.27x15m.= — 0.08 


42 53 25 


Equation at Green.time 5 37.50 


° oeet f 


Mars’ dec. Aug.6.. 21 8 17N. 
Mars’ dec, Aug.7.. 21 15 IBN, f (P-270,N.A.) 


Variation in 24 hours 6 58 .. Log. 0.5372 


Greenwich meantime 0h. 18m. .. Log. 1.9031 
° 4 “l 
-. Log. 2.4403 


Variation in 0h.18m.+ 0 5 


Mars’ R.A. Aug.6.. 4 27 16 Mars’ dec. Aug. 6.. 21 8 17N. ——, 
Mars’ R. Ascen. ia 427 18 Ditto at Green. time 21 8 22N. 
Greenwich time.. 90 
Mars’ polar distance 68 51 38 
* ° ¢ 
Mars’ polar distance.......... 68 52 ....+......-Co-secant 0.03024 
Ship’s latitude ..........+. -- 32:16 ......-.....5ecant .. 0.07285 
Mars’ true altitude ....... vee 42 533 
PRUSTYEP © caters ce fie 601 s:6 eee ee ee 144 13 
ATES ETITD « ss, 0.07 8'0] o's" s bere a 8000.00 {ir 1 ee Miche sia pate COSSITC 41 9.48959 
Remainder .....%-..s08005 66 29 Th. bse ee neee Sine soe 9.68727 
h. m. s- SS ee 
Mars’ distance from the meridian ........ 3 27 -3E.....Log. .... 9.27995 (XXXI.) 
Mars’ right ascen. at Greenwich time .... 4 27 18 onetime 
Right ascension of the meridian...... soe LOU 
24 
25 0 15 
Sun’s right ascen. at Greenwich time .... 9 4 51 
h. m. s. 
Apparent time at ship ....+-sseeeeereeee 15 55 24 we cceeee vec esceeneneeee cooece, 15 55 24 
Equation at Greenwich time .......++-- - + 5 35 Time by the watch............ 16 0 0 
Mean time at Ship. .....-cecseescesccees 16 2 Watch fast of apparent time ... 4 36 
Time by the watch......sseee severe eeees 16 0 0 a hai 
Watch slow of mean time........ da spee? 2 


EXAMPLE II, 
August 12, 1866, P. M., ship time, in latitude 27° 28’ N., when a 


chronometer which was 10m. 48s. slow of Greenwich mean time, showed 
:2h. 54m. 50s. P. M., suppose the observed altitude of the Planet Venus’ 
centre to be 26° 28’ 30" ( Westward of the meridian), the error of the sextant 
being 2’ 10” to subtract, and the height of the observer’s eye 24 feet: 
required the apparent and mean time at the ship, and thence the error of 
the chronometer, for the meridian of the place of observation. 
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h.m, 8 gt htc h. m. & 
Time by chro., Aug. 12, 12 54 50 Venus’observed alt. 26 28 30 Sun’s R.A., Aug. 12, 9 27 40 
Chronometer slow .... + 10 48 Indexerror...... — 210 Hrdiff.+9s.45x13h.=4+ 2 3 


ee eee ee es 


Mean timeatGreen-\ 15 5 94 ‘ ” 26 26 20 Sun’s R.A.Green.time 9 29 43 

- wich, on Aug. 12, Dip-of hor.— 4 42) _ 6 37 meena. 
——-_ Refraction— 1 55 

Venus’ hor. par. Aug. 12, 9 26 19 43 Kg. of time, Aug. 12, 4 48.79 

from page 307,N. A... Parinalt.(XLVIII) + 7 Hrdiff+0s41xi3h=— 5.33 


—e ee 


Venus’true altitude 26 19 50 Eq.atGreenwichtime 4 43.46 
Guetta PME ce Bt 


h.m. s. 
Venus’ R.A., Aug. 12.. 12 2 ret 262,N.A.) Venus’ dec. Aug-12 .. 0 9 22N. 
Venus’ R.A., Aug.13.. 12 6 16 (p-262,N.A. Venus’ dec. Aug. 13 .. 0 21 268. 


Variation in 24hours.. 4 6G Log. 0.7674 Wariation.1s 24 Bours s< a8 
15 24 Log. .1927 


Greenwich mean time.. 13h. 6m. Log. 0.2629 Green. meantime .... 13h. 6m. Log. .2629 
h.m. s. 
‘Variation inl3h-6m.. + 214 Log. 1.0303+ 8 7 Log. .4556 
~~ —— 
Venus’ R. A., Aug. 12, 12 2 10 Variation in 13h.6m.. — 16 48 


Venus’ dec. Aug. 12.. 0 9 22N. 


Ditto at Green. time... 0 7 268. 
GO 


Venus’ polar distance 90 7 26 


Ditto at Green.time .. 12 4 24 


Venus’ polar distance...... wusepe 20 Walocn spies . .Co-secant 0.00000 
bin Ss latitnder 2/100 dates d's slo cavee's OF. 25 Mer Sek bicmscnes Secant .. 0.95194 
Venus’ true altitude.......... osces 26.20 
SETI casa ec ica acotete ors eoeereevpeseee eee 143 55 
Half-sum @eerverereeeee ee eesesed ee 71 08 eeeereeeaeee Co-sine. ° 9.49076 
Remainder ........ ES ee RIE 60 Ee OO bemmenaies a Sine .... 9.85423 
h. m. s. —_ 
Venus’ distance from the meridian .... 3 59 42 W......... Log. .... 9.39693 (XXXI.) 
Venus’ right ascen. at Greenw. time .. 12 4 24 er 
Right ascension of the meridian ...... 16 4 6 
Sun’s right ascension at Greenwich time § 29 43 ‘ 
7 a. -m. S. 
Apparent time at ship......+.seeseee » 6 34 23 .. eee PO ry eye sousdge sale «+ 6 34 23 
Equation at Greenwich time .......... + 443 Mean time by the chronometer .. 12 54 50 
Mean time at ship ..ceeessececeeesee 639 6 Chronometer fast of app. time.... 6 20 27 
Mean time by the chronometer........ 12 54 50 -__— 


Chronometer fast for mean time ...... 615 44 


To find the apparent and mean Time at Ship, or Place of Observation, and thence 
the Error of the Watch or Chronometer, by an altitude of the Moon. 
Rurrs. 1. With the estimated longitude and apparent time at ship, 
or by a chronometer, find the mean time at Greenwich by the Rules in 
Page 230. 
2. From the observed altitude of tho moon’s upper or lower limb, com- 
pute the true altitude of the moon’s centre by the Rules in Pages 186, 187. 
3. From Page II. of the month in the Nautical Almanac, take out the 
stin’s right ascension, and reduce it to Greenwich mean time (X XII. or 
XXXIII.), or by the hourly difference, as given in the Naut. Alm. 
Note. Or Venus’ right ascension and declination may be more readily obtained, thus :— 


* Hrly. var. of Venus’ rt. ascen.(Aug.12, p. 309 N.A.)is 10s.29x 13h. =133s.77=2m.14s. for R. ascen. 
+ Hourly var. of Venus’ declin. (Aug. 12, p. 309 N.A.) is 77”.0 x 13h. = 1001”.G=16'41” for declim 


ON FINDING THE TIME AT ANY GIVEN MERIDIAN. 239 


4. From Pages V. to XII. of the Nautical Almanac, take out the moon’s 
right ascension and declination, for the given day and hour at Greenwich, 
and reduce them to Greenwich mean time (XLVII) 

5. Take the equation of time from Page I. of the Nautical Almanac, 
and reduce it to Greenwich mean time by the hourly difference. 

6. Proceed as with the sun, by either of the methods given in Pages 230, 
231, to find the moon’s meridian distance, and thence compute the apparent 
and mean time at ship, as directed by the Rules for a Star, in Page 234, 


EXAMPLE I. 
_ April 27, 1866, in latitude 30° 37’S., and longitude by account 169° 45’, 
E., at Th. 49m. 13s. P.M. apparent time by watch; suppose the observed 
altitude of the Moon’s lower limb to be 45° 57 30” (Lastward of the 
meridian), the instrument being adjusted, and the height of the observer's 
eye 16 feet: required the apparent and mean time at the ship, and the 
error of the watch at the place of observation. 


h, m s. Sees 


App. time at ship 
on April 27 .. + 49 18 


m. Ss. 
Obs.alt.Moon’sL.L. 45 57 30 Eq. of time, April 26, .. 2 17.08 
Dip of Horizon.... — 3 50 Hour.diffi+-0s.43x20jh.=+ 8.8L 


‘ “ 45 53 40 Eg. at Greenwich time .. 2 25.89 


_,, 91 49 13 995 sem. 14 50 
Long.169°45'in time 11 19 Me aneshs i +s + 15 01 
App.time at Green- —_—_- 
Faich, April 26.. }20 30.13 Moon's app. alt.... 46 08 41 _ ‘In page III of April, in the N.A., 
Equation of time.. — 2 26 Moon’scorr.(XXX.) + 36 46 the moon’s semidiameter on the 12th, 


at 20h. 21m. is 16’ 22”, and her hori- 


Mean time at orl 20 27 47 Moon’s true alt.... 46 45 27 zontal parallax 60' 00”. 
April 26 ...... 


h. m. s. 0 ais 


y’s R.A. April 26,at 20h. 12 32 29 p’s dec. April 26,at 20h. 3 47 308. 
y's R.A.April26,at21h. 12 34 23 f (P-VII-N-A+) 515 dec, April 26,at 21h. 3 56 45 S.J (p-VILN.A.) 
Variation in ] hour.... 154 Log. 1.4994 Variation en 1 hour.. 09 15 ~=Log.. 0.8120 
Green.time after 20 hrs. 27m. 47s. Log. 6.3344 Green.timeafter 20 hrs. 27m. 17s. Log.. 0.3344 

h. m. s. ae 
Variation in 27m. 47s.. + 0 53 Log. 1.8338 Variation in27m.47s. + 417 Log.. 1.1464 
p’s R.A.April 26,at 20h. 12 32 29 _)’sdec-April26,at 20h. 3 47 30S. 


_ ————— 


}’s R. A. at Green, time 12 33 22 )’sdec. atGreen. time 3 51 47S. 
—_—_— 90 


Moon’s polar distance 86 08 13 

Po Wis 1 Be eR —__ 

Sun’s R. A., April 26.. 2 14 45 Moon’s polar distance 86 8 .... Co-secant 0.00099 

Hr.diff.+-9s.43 x 203h.—=-+ 3 13 Ship’s latitude ...... 30 37 .... Secant .. 0.06520 
—-—— Moon’s true altitude 46 45 

Sun’s R.A, at Gr. time 2 17 58 

———— _ Sum .....-.00000-0- 163 30 


—_— 


Haliasameucca ster: .. 81 45 ..... Co-sine.. 9.15683 
Remainder.......... 35 00 .... Sime.... 9.75859 
h. m,. Se = 
Moon’s meridian distance..........++ 224 17 eis ag caeecsvvepes Log..... 8.98161(XXXI1.) 
Moon’s right ascen. at Green. time.... 12 33 22 
Right ascension of meridian ........ pegs Ste a! age 
Sun’s right ascen. at Greenwich time.. 2 17 58 We aka’ 
Apparent time at ship .-+-..++.+++... Wy alee 3 porate RAO i ee OI POLS? 
Equation at Gr eenwich time ........ — 226 Time by the watch .... weeeeeeees . 74913 
Mean time at ship ....+.++--..6- -.». 74841 Watch slow for apparent time. ....-. 1 54 
Time by the watch ....-..... Sukie 22 SO 1S ee 


Watch fast for mean time ..0.+..... 0 32 


24.() ON FINDING THE TIME AT ANY GIVEN MERIDIAN, 


EXAMPLE II. 


Oct. 24th, 1866, a.m , at Ship, in latitude 28°45’ N., when a chronometer, 
which was 6m. 38s. fast for Greenwich mean time, shewed 16h. 42m. 28s., 
suppose the altitude of the Moon’s dower limb to be 20° 87’ 45" ( Westward 
of the meridian), the error of the sextant being 2’ 20” to add, and the 
height of the observer's eye 18 feet: required the apparent and mean time 
at the ship, also the error of the chronometer at the place of observation. 


h. m. s. Se Meeb oe h. m. s. 

Mean time by chro- 16 42 28 Obs.alt-moon’sL.L. 20 37 45 Sun’s R. Ascen., Oct. 23. 13 51 7 

nometer, Oct. 23 Index error ...... + 2 20 Hr.dff.+9s.51x 16h.36m.=+ 2 38 

Chronometer fast.. — 6 38 —— tenia 

ee eS s 20 40 5 Sun’s R.A. atGreen.timel3 53 45 

Meantimeat Ese 35 50 Dip of the horizon. — 4 4 ee Eee 
wich, on Oct. 23 —— 
—_—- oT aU 28 


mM. Ss. p’ssemid. + 16 37 +16 43 In page ITI. of October, intheNA., 
Eq. of time, Oct. 23, 15 34.56 Augm.(VII.)+ 6 the moon’s semidiameter on the 
H.diff.0s.34X16Zh.= + 5.66 ——— 23rd, at IGh.36m. is 1637”, and her 
———— Moon’s app. alt... 20 52 44 horizontal parallax 60’ 53”. (L.V.) 
Eq. at Green. time.. 15 40.22 Moon’scorr.(XXX) + 54 25 


Moon’s true alt... 21 47 9 


h ov f«@ 
)’s R.A. Oct.23,atl6h. 2 p’s dec. Oct.23,atlGh. 9 57 49N. 
)’sR.A. Oct.23,at17h. 2 3h op. X.N.A-) 56?dec. Oct.23.at17h. 10 7 tN. yO X. N.A.) 


Variation in 1 hour .. 27 ..Log. 1.3890 Variation in Lhour.. 9 55 .. Log. 0.7818 
Green. time after 16hrs. 35m. 50s. ..Log. 0.2239 Green. timeafter16hrs. 35m. 50s... Log. 0.2239 

h. m. s. Cees 
Variation in 35m. 50s... -- 1 28..Log. 1.6129 Variationin35m.50s.+ 5 55 .. Log. 1.0057 
»’sR.A. Oct.23,atl16he 2 5 48 )’s dec. Oct.23, atl6h. 9 57 49 N. 


)’sR.A. at Green. time 2 7 16 p’sdecatGreen.time 10 3 44 N. 
ee 90 


Moon’spolar distance 79 56 16 


o ¢ 
Moon’s polar distance .... 79 56 ...... Co-secant 0.00674 
Ship’s latitude .......... 28: 45 socass Secant .. 0.05714 
Moon’s true altitude...... 2 47 
Sum ‘scccccc vee rie 130 28 
Halfestmi.cc ost e ne aa eter ee Gata r ess vie Co-sine.. 9.62214 
Remainder .csceceseseres 43 27 ......Sime .,.. 9.83741 
h.m. s. pth es 
Moon’s distance from the meridian .... 4 42 19 W..Log..... 9.52343 (XXXI.) 
Moon’s right ascension ...+.+..seeeee 2 716 
Right ascension of the meridian ...... 6 49 35 
24 
30 49 35 
Sun’s right ascension ......2. seeseeee 13 53 45 
2 av ie h. m. §S. 
Apparent time at ship SteA CIA @ aml e ela mare . 16 55 50 eeeertoeee e '00 ste’ eeene eoeeeeeseees 16 55 50 


Equation at Greenwich time .......... — 15 40 Mean time by the chronometer.... 16 42 28 


Mean time at ship....+..ssseeesereees 16 40 19 Chronometer slow of apparent time 0 13 22 
Mean time by the chronometer ........ 16 42 28 —ees 


Chronometer fast for mean time «+... 218 


ON FINDING THE TIME BY EQUAL ALTITUDES Q41 


To find the Error of a Watch or Chronometer by equal Altitudes of the Sun, 


RuLes.—1l. In the morning, when the sun is nearly east, or when it is 
not less than two or three hours distant from the meridian, take several 
altitudes of the upper or lower limb, and note the corresponding times that 
are shewn by the watch or chronometer since the preceding noon. In the 
afternoon observe when the sun’s limb has the same altitude, and note down 
the times opposite the respective altitudes, reckoning the times of the after- 
‘noon altitudes from noon of the same date as those taken in the morning 

2. Add together the means of the times at each set of observations ; half 
their sum will be the middle time between the observations, or approximate 
time by the watch, when the sun is on the meridian ; their difference will be 
the interval of time. 

3. Find the equation of equal altitudes, as directed in the Explanation to 
Table LII., and apply it to the middle time; the result will be the time 
sliewn by the watch at apparent noon. or when the sun is on the meridian 
at the given place: the difference between that time and 24 hours will be 
the error of the watch for apparent time. 

4. ‘fo find the error of the watch for mean time, apply the equation of 
time (taken from Page I of the Nautical Almanac), and reduced to Green- 
wich time by the hourly difference, which apply, by addition or subtraction, 
as directed at the head of the column from whence it is taken, and the sum 
or rem: inder will be the mean time when it is apparent noon at the place 
of observation ; the difference between which and the time by the watch a 
‘apparent noon, will be its error for mean time. 

Note. This method of finding the error of a watch or chronometer, and 
thereby regulating its going, is well adapted for practice on shore, where 
the altitudes may be taken with a sextant by means of an artificial horizon,* 
and the corresponding times found with great exactness; and it is recom. 
mended, in observing, to fix the index of the sextant to some particular 
division, and wait till the contact of the images takes place. 

EXAMPLE I. 

July 22, 1866, (civil time), at Edinburgh, in latitude 55°58’N., and 
longitude 3° 10’ W., the following observations were made at equal altitudes 
of the sun’s lower limb: required the error of the watch for apparent and 
mean time at Idinburgh. 


_ Alts.Sun’s LLL. Times A.M. Times P.M. 

- if.’ mi: 's: ba. Yuk; ‘8. ot Gaon 

Be10....:.. 220 8 20...200..27 43 42 Sun's decl. July 21, (p. IT. N.A.) 20 29 18 N. 

PERU cccresces D 29,» sshann ital caste Ditto, July 23....... bescasbects 20. 1 220 Di. 

38 SRR 10 aid dusupnwes 41 24 er me 
————.___ Chango in t3v0 days ..cccccosesoues 23 52 

3) 28 26 127 41 = 1432” 
‘Means ...... 20 9 29 27 42 34 Sun’sdecl. July 22, (p. II. N.A.) 20° 173N. 
27 42 34 20 9 29 90 


Interval... y | 33 5 2) 47 52 3 Sun’s polar distance secessceccescee 6Y 423 


Middle time... 23 56 1,45 


* For a description of the several kinds of artificial horizons, and the method of taking 
altitudes with them, see page 223, 
| It 
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Interval seers . Th. 33m. Log.A.  f 7978 SOC COeeOE OOOH OSL DE LEoEEEEED Log. B. pe 5383 
Chr.in 2 days 1432” Log... 3, L559 ...cecseeeeeeeeseeenvene des coseseicas 3. 1559 
Latitude...... 55° 58’ = Tang. 0.1705 Polar dist. 69° 42’$ Co-tan.... 9.5679 


First part -+- 13s.31 Log... 1.1242 Second part — 1s. 83 Log ... 0.2621 


Second part— 1.83 cer ae 
+ 11.48 Equation of equal altitudes. 
h. m. & m. 8s 
' Time at Edinburgh, July 22... 0 0 0 Eq. of time, (p.I.N.A.) July 22 + 6 7.96 

Longitude 3° 10’ in time ......... -- 12 40W. Hourly diff. 0s.10 X Oh.l3m. = + 0.02 
Time at Greenwich eccocces-seeee 0 12 40 Equation at Greenwich time... + 6 7.98 

ha mes. 
Middle time by watch .......06. 23 56 1.5 
Equation of equal altitudes ...... + 11.5 

eS eae h. m. 8. Y 
Time by watch at apparent noon yay 56 [Ss ccsckecccecsadsecnccnecesveence eeeeceoveeeee ps 56 13 


24 
Watch s/ow for apparent time ... 3 47 


Mean time at apparent noon = 24h. + Equation of time 6m. 8s. = 24 6 8 


Watch slow for mean time at Edinburgh ....cececcoscoesersccccccersesees evceces 9 55 


Sees | 


EXAMPLE II, 


April 10, 1866, (civil time), at Bombay, in latitude 18° 56’ N., and 
longitude 72° 54’ E., the following equal altitudes of the sun’s lower limb 
were observed, with the corresponding times by a chronometer: required 
the error of the chronometer for apparent and mean time at Bombay. 


Alts. Times Times 
Sun’s L. L. by Chro. A.M. by Chro. P.M. 

Ben h. m. s. h. m. 8. of; “Ane 
2D Ovceceeeee15 1 54.0000000e-23 18 12 Sun’s decl., April 9, (p. II. N.A.) ... 7 35 53 N. 
29) BD esduan cae rd Ujescnbsns 5 44d 40 Ditto April 11 cccccceccccscsccss =O Sue ame 
DO AB iccdetecs eB. AP a rer rae oe 
29 20 ..ecevere B Qdcccoveee 16 41 Change in two days seecessecreecee.cseee 44 20 

(dee et ee = soe 
4) 10 37 69 43 
a yi af 
Means ......15 2 39 23 17 26 Sun’s decl., April 10, (p. II. N.A) ..... 7 58.N. 
23 17 26 15 2 39 90 


ee 


Interval...... 8 14 47 2)38 20 5 Sun’s polar distance ...seccccccccceseerereee 82 2 


et ee ee 


Middle time... 19 10 2.5 


Interval eeeeee 8h. 15m. Log. A. 8126 °* eee *P OCC SO eee reese eeeeesee Log. B. 7; 4860 
Chr.in 2days 2660” L0g 22. 3.4249 coccccccccccsee sevveccce « sccces soovee 3.4249 
Latitude ...... 18°56! Tang.. 9.5353 Polar dist. 82° 2’ Co-tan,...... 9. 1460 
First part... — 5s. 93 Log.... 0.7728 Second part 4+ 1s,14 Log. ... 0.0569 


Second part +1.14 


— 4.79 Equation of equal altitudes, 


ee ee 
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h. m. 38. Ms Se 
Time at Bombay, April 9......... 24 0 0 Eq. of time(p. I. N.A.) April9, + 1 36,77 
Tongitude 72° 54‘ in time........ 4 51 36E. Hourly diff. 63.70 X 19h. 6m. = — 13.40 
Time at Greenwich cscccccssscseee 19 8 24 Equation at Greenwich time... + 1 23.37 
h. m. 5. 
Middle time by chronometer...... 19 10 2.5 
Equation of equal altitudes ...... _ 4.8 
RS h. m. 8 


Time by chronometer at app. noon 19 9 57 e 7 00 000 08.0090 9000000000 000600000000 000000 19 9 57. 7 
24 


Chro.slowforapp.timeatBombay 4 50 2,3 


Mean time at apparent noon = 24h, + Equation of time Im, 23s. = 24 1 22,4 


Chronometer slow for mean time at Bombiyer....cccccccccsccscccccecsccssees 4 51 25.7 


EXAMPLE FOR EXERCISE. 


February 23, 1866, (civil time), at Funchal, in latitude 32° 37’ 42” N., 
and longitude 16° 55’ 30” W., the mean of several times taken in the 
morning, shewn by a chronometer, was 9h. 24m. 8s., and the mean of the 
times corresponding to the same altitudes of the sun’s lower limb, taken in 
the afternoon, was 5h. 13m. 40s.: required the error of the chronometer 
for apparent and mean time, at the meridian of Funchal. 


Answer. ‘The chronometer 1s Ih. 18m. 42s. fast for apparent time, and 
lh. 5m. 6s. fast for mean time, at Funchal. 


ON FINDING THE LONGITUDE BY CHRONOMETERS. 


Ir has already been observed, that if a chronometer could be made to 
shew always precisely the mean time at Greenwich, or any other given 
meridian, the longitude of a place, from that meridian, might be easily com- 
puted, by comparing the time shewn by the chronometer with that at the 
given place ; but it is hardly to be expected that such a complicated machine 
can perform so accurately, as never to deviate from the time at the meridian 
to which it is set: nor indeed is this absolutely necessary ; for if its error at 
the given meridian be known on a certain day, and also its rate (which is its 
dafly gain or loss in 24 hours of mean time), we'can thence deduce the time 
at that meridian as well as if the hands of the chronometer actually pointed 
it out, provided that it go uniformly, which is all that is essential in the 
motion of a chronometer. In order, therefore, tu obtain these particulars, 
it is usual for the maker, or person to whose care the machine is entrusted, 
to examine its error every day, by comparing it with a well-regulated astro. 
nomical clock ; these errors being then set down in a book kept by him for the 
purpose, the daily differences shew a rate and the regularity of its mot on 

I 


& 


» 
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If the errors or daily differences continue the same, the chronometer is said 
to have no rate, and is keeping mean time exactly. Should the chronometer 
be too fast, and the error increasing, it is gaining on mean time; but if the 
error be decreasing, it is then losing: on the contrary, when the chronometer 
is too slow, and the error increasing, it is losing on mean time; but if the 
error be decreasing, it is gaining. ‘The rate and error of a chronometer 
may likewise be ascertained by altitudes of the sun, as will be shewn here- 
after. For instance, suppose on a certain day a chronometer was found, 
by altitudes of the sun, to be 5h. 30m. 10s. too fast for mean time, at the 
meridian of Madras; and that by observations; taken ten days afterwards, 
it was 5h. 30m. 40s. too fast, at the same meridian; I thence find that it 
has gained 30 seconds in 10 days, and conclude that its daily gain is 3 seconds. 
Again, suppose on August 13th, a chronometer was 12m. 1Us. too fast for 
mean time at Greenwich; but by observations, taken on August 28th, it 
was found to be 10m. 40s. too fast for mean time at the same place; here 
it appears that the chronometer has lost 1m. 30s or 90 seconds in 15 days, 
and consequently is losing 6 seconds daily. Observations of this kind should 
be repeated and compared together as often as convenient, in order to find 
the rate the chronometer has gone at between every two such observations, 
by which the regularity of its going will be proved. Having by these means - 
established its rate and error at the meridian of the place of observation, 
the longitude of a ship on her voyage may be found by the following 


Routrs.—1l. Take several altitudes of the sun, or other celestial object, 

when it bears as nearly east or west as possible, but always at least three 

hours distant from the meridian, and note the times by a chronometer when 
they are observed, of which take the means. 


2. 'To the mean of the times apply the original error, that is, add what 
the chronometer was too slow; or subtract what it was too fast, for mean 
time on a given day, at the meridian of the place where the rate was ascer- 
tained : the sum or remainder will be the mean time by chronometer, cor- 
rected for the original error. 


3. Multiply the daily rate by the number of days and parts of a day 
that have elapsed since the original error was determined ; the product, 
which may be called the accumulated rate, being added to the above sum or 
remainder, if the chronometer be losing, or subtracted from it if gaining, 
the result will give the mean time at the meridian where the rate and 
original error were ascertained. Should the meridian not be that of Green- 
wich, then add the longitude of the place in time, if it be west, or subtract 
it, if east; and the sum or remainder will be the corresponding mean time at 
Greenwich by chronometer. ° 


4, With the latitude of the place of observation, the true altitude of the 
sun or other celestial object, and the reduced declination, find the mean 
time at the place of observation, as directed by the Rules in Pages 230. 
233, 236, or 238; the difference between which, and the mean time at 
Greenwich, obtained by the chronometer, will give the longitude; east. 
if the time at the ship be greater, or west, if it be less, than the time at 
Greenwich. . 
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EXAMPLE I. 


May 1, 1866, suppose a chronometer was fast for mean time at Green- 
wich Im. 18s., and gaining 7s.8 per day. 

May 19, 1866, P.M., the following altitudes of the sun’s lower limb 
were observed, with the corresponding times by the above chronometer, 
the height of the observer’s eye 18 feet, and the instrument properly 
aijusted; the latitude at apparent noon being 41°30 N., since which, the 
ship has run N. W. by N. (¢rue) 28 miles, the sun bearing S.W. by W.: 
required the true longitude of the ship and the variation of the compass.* 


Times by Chro. Obs. alt. Sun’s L.L. 
h.m. s. Tey | 854; 
6 58 40 PITTITITIIITTLI TTT Tritt 44 7 10 Daily gain eeccee avis 7.8 
6 59 36 Prreririieritiitti itr titi itt 43 57 20 Days from May 1 


q 0 51 SPOSCCHS SES THS OOOOH OSOH COSCO COSESOE 43 44 35 to May 19 eeeeee 18 
Sum of times ...3) 20 59 7 Sum of altitudes ...... 3)131 49 5 624 
oa eh ll ———__ 78 
Mean of the times 6 59 42 Mean of the altitudes ... 43 56 22 —_— 
Original error ....— 1 18 Corr. TableIX.+10'.7 = + 10 42 60) 140 4 
6 58 24 Sun’s true altitude ...... 44 7 4 Gainin 18 days 2m. 20s4 
Accumulated rate — 2 23 ae ——— = Gainin7 hours + 2s.3 
Mean time at) pre 1 Saas 
Greenwich... f Hopcek May 19. Accum. rate ... 2m. 22s.7 
m. 8. Ma 
Eq. of time (p. 1. N.A.)... 3 46 88 May 19. Sun’s dec. (p.1I.N.A.) 19 4645 N. May 19, 
Nour. diff.—0s. 11x 7h. = — 0.977 Hr.diff. +32’".13%7h.= + 3 45 
Equation at Green. time... 346.11 May 19. Sun’s dec.atGreen.time 19 50 30 N. 
ro: Sida ae 90 
Latitude of ship at noon ... 41° 30’ N. 
Diff.of lat.(NWb.N 28m.)= + 23 N. Sun’s polar distance... 70 9 30 
Lat. when sights weretaken 41 53 N. 
Sun’s true altitude eee 44 7 oOo C8200 ses OOO SOS SES ees serseonees Secant rrr) 0. 14392 
Polar distance ......... 70 93......Co-secant 0.02658 
Ship’s latitude ...cccc 41 53 sees Secaut .. 0. 12813... Secant ... 0.12813 


Sum ER apabed Ghenansentes SOG 93 


Half-sum  ....eccocceceee 78 5 veeees-Coesine 9.31490... Co-sine ... 9.31490 
Remainder for time ... 23 58 ...eeeSine@seocee 9. 74719 
Remainder forazimuth 7 59$ ePeeveclesreceeeeceses sooescet Co-sine eco 9 99583 


m. 8. neem ee 

Apparent time at ship 3 11 34 ...Log....... 9.21680 2) 19. 58278 
Equation of.time ...... — 3 46 —_——— ; potent Ss. Sickbh wre 

papeoenegmer 9. 79139...Sine 38 13 
Mean time at ship ... 3 7 48 May 19. Xx 2 
Mean time at Green... 6 56 1 May 19. 

—- True azimuth...S. 7626 W. 
Longitude in time ... 3 48 18= 57°3' 15"W. Mag. azimuth S. 5615 W, 


Variation ...---... 20 lliast. 


* To find the variation of the Compass by an azimuth; Vide Rules in pages 212 and 213. 
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EXAMPLE II. 


June 2, 1866, a chronometer was slow for mean time at Greenwich by 
8m. 48s., and gaining Qs. 4 per day. 

June 26, 1866, A. M., civil time, the following altitudes of the sun’s 
lower limb were observed, with the corresponding times by the same chro- 
nometer, when the sun’s bearing was N.80° 30’E., the height of the 
observer’s eye being 24 feet, and the error of the sextant 1’ 10” to add; 
che latitude at apparent noon 10° 44’ S., and the ship’s ¢rue course KE. S. E. 
24 miles since the sights were taken: required the true longitude of the 
ship, and the variation of the compass.* 


Times by Chro. Obs. alt. Sun’s L. L. 
h.m. s, h. m. s. : Piainee S. 
8. 28 35 A.-M. 26th =—20 28 Ulccedbecertecccesctccrssceccewe 13 a 20 Daily gain....cccesees 2. 4 
29) 20...6250<0c eracasnseus eoeecsee - . 19 35 Days from June2 23 
30 Dc ccecsletaveceeckerortiess 32 10 to June 20s eens 
Sum of times......3) 88 13 Sum ofaltitudes...3) 59 5 72 
—_——- —_——- 48 
Mean of the times, 20 29 24 Meanofthealtitudes 13 19 42 _—_—— 
Original error ...... + 3 48 Index error ...... «e+ 110 Gain in 23 days... 55,2 
——— —— Gain in 20h. 33m. + 2.1 


20 33 12 13 20 52 
Accumulated rate... — 0 57 Corr.Tav.IX+7’.1=+ 7 6 Accumulated rate, 575.3 


oe 


Mean time at 20 32 15 Sun’s true alti- \ 13 27 58 


Green., June 25 CUE cocrcccosses 
m. 8. ES Be 
Eq. of time(p.I N A.)... 2 14.83 June 25 Sun’s dec. (p. II. N. A.) 23 24 15N.June2i 
Hour.diff. + 03.53 K204h= + 10.86 Hr.diff. —3”-93 X20{h=— 1 21 


Equation at Green. time 2 25.69June 25 Sun’sdec.atGreen.time 23 22 54 N. 
; 90 


Latitude of ship at noon... 10° 44’ S, a Sn ae 
Diff. of lat.(E.S.E.24m)= — 9 §S, Sun’s polar distance ...113 22 54 


ee eee 


Lat. when sights were taken 10 35 S. 


Sun’s true altitude ese 13 28 eeccees Seeocceesereesses os cooveeecant oe 0.01211 
Polar distance ......... 118 os Co-secant 0. 03722 
Ship's latitude ....... -. 10 35......-Secant ... 0.00745...Secant ... 0.00745 
> Sum Seereeeece eeeveevese +137 26 
PL MIPRULY cc cdhs ce ccsece 68 43......Co-sine... 9. 55988...Co-sine... 9.55988 
Remainder for time... 55 15...... Sine .o-<«- 9.91469 
Remainder forazimuth 44 40....ccccoccssscsoescccees seveseeeOO-Sine.. 9.85200 
m. s. a ee awe 
Time from noon ...... 4 40 46..Log....... 9.51924 2) 19. 43144 
24 pane ne ed o v 
a 9.71572...Sine 31 19 
_Apparent time at ship.. 19 19 14 ial a x 2 
Equation of time ...... + 2 25 
Mean time at ship ... 19 21 39 June 25. Mag. azimuth...N. 80 30 E. 


Mean time at Green... 20 32 15 June 25. 
as ORS aE: Variation eocccsces 7 52 WwW. 


Longitude in time .... 1 10 36= 17° 39' 00” W. 


Ce a ee ee oe — —_—< ~~ 


* To find the variation of the Compass by an Azimuth; Vide Rules in pages 212 and 213, 


/ 
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EXAMPLE III. 


Q47 


September 15, 1866, suppose a chronometer was slow of Greenwich 
mean time 5m. 26s., and losing 12s. 5 per day. 
October 18, 1866, P. M., at ship, in latitude 15° 46’ N., suppose the 
following sights, and corresponding times taken by the same chronometer, 
(shewing A. M. at Greenwich,) the index error of the instrument + 2 20%, 
and the height of the observer’s eye 16 feet: required the true longitude 


of the ship. | 


Times by Chro. 

h.m. s. ha ....8- 
1] 10 55a.m. 18th=—23 10 55 
12 16 

13 30 


Sum..... eeeererensces 


Mean of the Times 23 12 13 


Original error ...... + 5 26 

23 17 39 
Accumulated rate. + 6 52 
Mean time at 23 24 31 


Green, Oct. 17 


——— 


ihe! Be 
Equation of time (p.I.N. A.) 14 33.66 Oct. 17. 
Hour.diff. +0s. 50 K234h.=-+- 11.75 


Obs. alt. sun’s L. L. 
Oo / a“ 


12 50 45 
40 10 


POR SoH eSESESTeT oer eseseReee 


seeroeses Peecocoes 3) 120 35 


Sum 


Mean of the altitudes 12 40 12 
Index error...ccccosses + 2 20 


12 42 32 
Cor. TableIX.48'.1=+ 8 6 


Sun’s true altitude... 12 50 38 


Equation at Greenwich time 14 45.41 Oct. 17. 


Sun’s polar distance..... 


8. 
Daily loss ..+..scccseeree 12, 5 


Days elapsed from 
Sept. 15 to Oct.17 \ x 32 
250 
375 
60) 400 0 


Loss in 32 days... 6m 40s. 0 
Loss in 23h. 18m + 12s. 2 


Accumulated rate 6m. 52s. 2 


oo 7 Mu 


Sun’s declin (p. II.N.A.) 9 16 41 S. Oct. 17 
Hr.diff.+54”94 K234h.=-+ 21 31 


Sun’sdeclin. atGreen. time 9 38 128. 


.99 38 12 


ee 


o of 
Sun’s polar distance ....ccccceee 9D 3B sessereee Co-secant 0.00617 
Ship's latitude.......22.2. ssecsca” 15 46) .cce0 309 Secant .., 0, 01666 
Sun’s true altitude....... eovsesade 12° OE 
Sum wee eeresese esece eer, se PTY 15 
BABE BUIT Vceds as coo bvivaed tices bee 64 7% PE) eee Co-sine... 9.63989 
TORIMGINGGT, 5 davai senssceeesthvcdses 51 164,........ Sine ...... 9. 89218 

hm. s —_——. 
Apparent time at ship ........ 4 54 24 Log. «.... 9.55490 (XXXI.) 
Equation of time......ccessseseee - — 14 45 omen 


Mean time at ship ....ccceceaseee 


Mean time at Ship .....-.scseceee 
Mean time at Greenwich ...... 


Longitude of ship in time ...... 


——— 


4 39 39 October 18. 
24 


—— —___ 


28 39 39 October 17. 
23 24 31 October 17. 


515 8 = 78° 50°47" East. 
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THE LONGITUDE 


BY CHRONOMETERS, 


EXAMPLE IV. 


April 2, 1866, suppose a chronometer was 10m. 15s. fast for mean time 


at Greenwich, and dosing 4. 3s. p 


April 25, 1866, A. M., (civit 


er day. 
time), in latitude 27° 19’ S., suppose the 


following altitudes, with their corresponding times by the same chronometer, 
the times noted being P.M. at Greenwich ; the error of the sextant + 2’ 40" 
and height of the observer’s eye 30 feet: required the true longitude of 


the ship. 
P Times by Chro. 
h. m. s. 


Obs. alt. sun’s L. L. 
° ‘ wu” 


Ss. 
Daily loss ....0cecesreeee 4.3 


] 50 05 SOCSSHSCeSSeeSSeSSSees steee 18 30 45 
52 10 Seeeeeeeeecesceeeseese Seeeeeee 42 10 Davs elapsed from 23 
53 28 SCases eoeeeeceeeresecseoeooee e 53 50 April2 toA pril25 
WUC insicenauhssaesersh) - LDO.O3,.. SUI coccoccescce cooeeed) 126 45 129 
Mean of the Times ] 52 11 Meanofthealtitudes 18 42 15 — 
Original error...... — 10 15 Index error... + 2 40 60) 98.9 


1 41 56 
Accumulated rate. + 1 39 


1 43 35 
24 


25 43 35 


Meau time at 
Green. Apr. 25 


Mean time at 
Green. Apr. 24 


m. 
Equation of time (p.I.N.A.) 2 
Hour.diff.+0s.45X18h= + 0.78 


Equation at Greenwich time 2 7.34 Apr.25. 


Sun’s polar distance 


Bhip’s latitedé:s.5. 20.4: :aisseen 27, 19 


Sun’s true altitude......ccccccees 


Cor. TableIX.+8'.0=+ 8 0 


Sun’s true altitude... 18 52 55 


8. 
6. 56 Apr.25. 


eS Medes LOS, 14 


18 44 55 Loss in 23 days... lm 38s. 9 


Loss in ih.42m..4-+ .2 


ee ee 


Accumulated rate Im. 39s. 1 


—————— 


o ¢f ” 


Sun’s declin. (p. IT.N.A.)13 12 25 N. Apr. 25, 
Hr. diff.4-48.“81 X% 13h =-+ 1 25 


Sun’sdeclin.atGreen.timel3 13 50N. 
90 


Sun’s polar distance ...103 13 50 


Stim. 6-525 


Half-sum PCC HFSS SCE SESSESESE SEE 
Remainder ......000. ee ee 


Time from. NOON: ....eccecseeeeesee 
Apparent time at ship scsccs.es 
Equation of time....ccccccscocseee 


Mean time at Ship seeseseeeoeeses 
Mean time at Greenwich ...... 


Longitude in time eepeeecccccooce 


fe CSO SCHESSSEHEESEEE SEs 149 26 


° ’ 
sibgws oes Co-secant 0.01169 
BES aie Secant ... 0.051385 
18 53 
14. 49) a0 ven Co-sine... 9. 42093 
Oo GO Tse... Sing. i. 9.91772 
hm. s. —_ —— 
Te Fe | Be ee Lange ‘suis 9.40169 (XXXI.) 
24 —-———_—. 
19 58 51 
eae a 


19 56 44 April 24. 
25 43 35 April 24. 


5 46 51 = 86°42’ 45” West. 


hal 
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EXAMPLE V. 


January 6, 1866, suppose a chronometer was fast by 4m. 46s. for mean 
time at eens in longitude 72° 54° 24” E., and losing 5. 8s. per day. 

January 29, 1866, (P. M. at Ship,) in latitude 6° 58’ N., suppose the 
eee altitudes with their corresponding times by the same chronometer 
eng © . M. civil time at Bombay and Greenwich) were taken to ascer- 
tain the true longitude of the ship: the error of the sextant 1’ 10” to add, 
and the height of the observer's eye 18 feet. 


ar ee by ii Obs, Alt. Sun’s L. L. 
hem. s. OB aia 8. 
1] o4 26a, M 29: th= 2: 64 26 SSSSSHSSSSESS SESS SSESOSESRSES 48 41 40 Daily Loss eereaeesereeeves 5. 8 
OUA0s | assets nesowinncgeenser 30 20 Days elapsed from 29 
Dee O Sans cktiavelonsencs sanneee 19 6 Jan. 6 to Jan. 28 
(ae eecnace Bee Shc LS Sie ccdcegssscccddsee 3) 91 6 ~ 116 
__- —_-—— 116 
Mean of the times 23 57 4 Meanofthealtitudes 48 30 22 
Origit:al error ... — 4 46 Index error............ + 110 60) 127.6 
23 52 18 48 31 32 Loss in 22 days... 2m. 7s.6 


Accumulated rate + 213 Corr.Tab.IX4+11’3=+ 11 18 Loss in 23h. 52m. + 5s.8 


re ee ———————— 


Mean time at ; 23 54 31 Sun’s true altitude... 48 42 50 Accumulated rate. 2m. 13s. 4 


Bombay ...... Wiese aie 
Long. Bombay 45138E 
in time ...... ‘ 


Mear time at ) 


Greenwich ... f 19 2 53 Jan. 28, 


° ? a” 
Equation of time (p.I.N.A.) 13° 15. 61 Jan. 28. Sun’s declin. (p.II.N.A.) 18 10 21S. Jan. 28 
Hour. diff. +0s.46X19h.—= + 8.74 Hr. diff. —39”.64”X19h.= — 12 33 
Equation at Green. time... 13 24,35 Sun’s dec. at Green. time 17 57 48S. 
aa ras 90 
Sun’s polar distance...... 107 57 48 
oO , —aeaalillighadaaae 
Sun’s polar distance...........0.0 107), 56% sccbe we Co.secant 0.02171 
SHIP SG MAMIE .......cccccccccssees as ee ae Secant ... 0.00522 
Sun’s true altitude ..........0..0 48 43 ’ 
RITE ors chooses eeeghpibvennentheanehs 163 39 
US ES ey ee sWusidi cannes Sl. 48 Ben ndxat Co-sine... 9. 15289 
FLOMAINGer i. c.ccacccveceandeeses 3S Ohl. cse08 Sine ...... 9.73737 
h. m. s. — 
Apparent time at ship......... 23.20 8s 000% Li0g +sseses 8.91519 (XXXL) 
Kquation of time ............+2- + 13 24 —_ 
Mean time at ship ............ 2 26 44 January 29. 
24 
Mean time at ship ............ 26 26 44 January 28. 


Mean time at Greenwich ... 19 2 53 January 28. 


Longitude in time ............ 7 23 51 = 110° 57’ 45” East. 
Kx 
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EXAMPLE VI. 
May 5, 1866, at James Town, St. Helena, in longitude 5° 45° 15" W., 
‘suppose a chronometer was found to be fast 54m. 32s. for mean time, 
and gaintng daily 15s.4. 

And, on May 28, 1866, in latitude '7° 45’ N., suppose the mean of 
several altitudes of the star Antares a Scorpn (eastward of the meridian) 
to be 30° 41’ 30", and the mean of the corresponding times by the above 
chronometer 10h. 18m. 21s. P.M., the height of the observer's eye being 
22 feet: required the true longitude of the ship. 


“ 


h.m. s. 8. 
Time by chron ... 10 13 21 — Star’s obs. altitude, 30 41 30 Daily Gain ....s00. 15.4 
Original error...... — 54 32 Dipofthehorizon... — 4 30 Days elapsed from 23 
Sa a May 5 to May 28, 
9 18 49 30 37 (0 
Accum rate ...... — 6 0 Refraction (IV.) ... — 1 37 462 
ma aolte Lal tocteite al 308 
Mean time at) Star’s true altitude, 30 35 23 
St. Helena ... f Go Pie dns gues 60) 354.2 
Long. Ley +23 1W h.m. s. oa 
in time (XIX) "Sun's R.A., May 28, 4 20 9 Gainin23 days... 5m. d4s.2 
—— Corr. for 9h.36m.... + 137 Gain in 9h. 19m. + 538.9 
Mean time at 9 35 50 — ira 
Green. May 28 2 ©’sR.A.atGr.time 4 21 46 Accumulated rate, 6m. 0s. 1 
h. m. s. ee fis 
Star’s right ascen. Jan. 1860( XIII.) 16 20 50 Star’s dec, Jan. 1860,(XIII.)... 26 7, 3S. 


aAnn.Var. + 38.66 X 64 =23s.79= + 24 Ann.Var.48".45 x 64=54".92 + 55 
Star's right ascension, May, 1862... 16 21 14* Star’s declination, May, 1862... 26 7 58S.* 
90 
Star’s polar distance ss... 116 7 58 
fe} t ea Se 
A Star’s polar distance ......0. 116 8 .........Co-secant 0. 04683 
Ship’s latitude Soecescoregererese 7 45 sane tose OCRIG coe 0. 00399 
Star's true altitude ...cocccceee 30 35 
Sum Ser Seeeeeeeerseseteseeeseaeegeees 154 28 
PRAIE ores os ds pvc cceccececccee! 27-ALA weinwits velo PLN Gace ate ere 
Remainder............ sobweepeanae) (AU. BU woah ov entiG atars oneal ae 
h. m. s. ae 
Star’s meridian distance .........-..00. 3 21 13 E. Log «s+. 9.25682 (XXXI.) 
Star's right ascension .coceccorcsesevese 16 21 14 we 
erage m. s. 
Right ascension of meridian ......... 13 60 01 Equation of time, May 28... 3 2.65 
Stil S Tight ASCENSION sx.2 ice s0s-ns se. -- A 21:46 Hour diff. — 0s.30 KX 93h.= — 2.90 
Apparent time at ship..........--..-++ & 38 1d Equation at Green. time +... 2 59.75 
PU MUAOT OF CAIIG seninsosnceyncs. sn asices — 3 0 
Mean time at ship ......ssccseseeeeeee 8 35 15 May 28. 
Mean time at Greenwich......... coceee 9 35 50 May 28. 


Longitude in time ....c0.-sssreeeees 1 0 35 = 15° 8' 45” W. 


—_——_— 


Norr.—The mean time at the ship or place of observation may be com- 
puted by an altitude of a planet of the moon, by the rules in pages 236, 238, 
which, being compared with the mean time at Greenwich, deduced from a 
chronometer, will give the longitude as in the preceding Examples. 


by N. A., page 368, May 28, is 16h 21m. 15s. 


* Or,—Star Antares’ Right Ascen., , is 16h 21 
N. A., page 368, May 28, is 26° 7' 53” S. 


Star Antares’ Declination, b 
» bY 
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In the last two Examples the errors of the chronometers are given for 
the places where the rates were ascertained; but as it may be more con- 
venient to have their errors on mean time at Greenwich, these may be 
obtained by applying the longitude in time to the mean time at the place 
of observation (subtracting in east longitude, and adding in west): the result 
will shew the mean time at Greenwich. 

Suppose (Example V.) that by an observation taken at Bombay, Janu- 
ary 6, 1866, the chronometer shewed at mean noon 14h. 16m. 24s.: 
required its error on Greenwich mean time. 

h. m. 8. 


Mean time at Bombay (mean noon) ...........0..0e00 eee .. 24 0 O January 15. 
Longitude of Bombay 72° 54’ 24” E, in time (XIX.)... 4 51 38 E. 


Corresponding mean time at Greenwich ...... RSE PETE FG 1) RE Fee 
Mean time shewn by the chronometer ...........scecseeee 14 16 24 


et ee 


Chronometer slow for Greenwich mean time....... eeosseee 4 51 58 January 15. 


Then to find the mean time at Greenwich when the altitudes were taken 
on January 29th, 1866. we should proceed thus : 


h, m.° 8. 
Mean of times by chronometer ...........2-0+sseceeeees were 23.57 4 January 28, 
Original error for Greenwich mean time (January 15)... 4 51 58 

19 5 6 
Accumulated rate ........... ececcccccesceccccccecccseccese cooces “= 2 LS 


Mean time at Greenwich when altitudes were taken ... 19 2 53 Janucry 28. 


In Example VI. suppose May 5, 1866, at St. Helena, the chronometer 
shewed Oh. 54m. 32s., when it was mean noon at that place: required its 
error on Greenwich mean time. 


h. m. 8. 
Mean time at St. Helena (mean noon) ................2000e 0 0 O May 5, 
Longitude of St. Helena 5° 45 15” W., in time (XIX.) + 23 1 W. 
Corresponding mean time at Greenwich ........ asadsdess of) O23 1 
Mean time shewn by the chronometer ........ sessssstecece’ OF54"32 
Chronometer fast for Greenwich mean time ........ wnances 0 31 31 May 5. 


Then to find Greenwich mean time when the observations were made, 
May 28th, 1866, proceed thus: 


h. m. 8. 

Di ean. tie by "CHEON OMSL R cri nas cxesens nsenninnsedeaakiedeos 10 13 21 May 28. 
Original error for Greenwich mean time (May 5.) ...... — 31 31 
9 41 50 
6 0 


MACE, VALE oon OES, gcc cans can'cosbechwaceeddiesescsdoanses 


Mean time at Greenwich when altitudes were taken ... 9 35 50 May 28. 


When several chronometers are on board, the time shewn by one of 
them, with a corresponding set of altitudes, will serve to find the longitude 
KxK2 


252 ON FINDING THE LONGITUDE BY CHRONOMETERS 


bv them all; for this purpose the observer is to compare one of the chro- 
nometers with each of the others, immediately before the observations, and 
note ‘their differences; these differences are to be applied to the mean of 
the times shewn by the above chronometer, when the altitudes are taken, 
which will give the corresponding times by each chronometer. ‘To these 
apply their original errors and accumulated rates, and the result will be 
the several mean times at Greenwich, or other meridian to which the 
chronometers are set; the differences between which and the mean time at 
ship, deduced from the altitudes, will give the longitude according to each 
chronometer. 

It 1s the practice with many persons to use a good pocket-watch, having 
a hand that points out seconds, instead of noting the times by one of the 
chronometers. When this plan is adopted, the comparisons are to be made 
before the observations, as above directed, aud the differences applied to 
the times shewn by the watch when the altitudes are taken. 

To ensure accuracy, it may be advisable to compare the watch with the 
chronometers immediately after the observations are made; and if the 
differences be riot the same, a proportional part of the change of differences 
should be applied to those shewn before the observation. 


EXAMPLE VII. 


November 15, 1865, a chronometer, No. 156, was 5m. 13s. slow for 
mean time at Greenwich, and losing daily 6. 4s. 

January 24, 1866, (January 25th A. M.czvil time), in latitude 26° 52’ S., 
the following altitudes were observed, with the corresponding times by the 
above chronometer, which had been previously compared with Nos. 284, 
376, and 807; required the longitude by each chronometer ; also the lon- 
gitude brought up to noon; the ship having made 10 miles of longitude 
west between the time of observation and noon ; the height of the eye being 
20 feet, and the index error of the sextant 1’ to add. 


Times by Chro. No. 156. Alts. sun’s L. L. 
h. m. s. Pi teen 8. 
16 37 16 csccecccccceseceeseeeeee 24 23 15 Daily lossof chron. No. 156, 6.4 
idan Loe craesirayniusayaeaes one 32 50 Days elapsed since Nov. 15, 70 
GHP AD \ cucnesscocsecascenceadns 39 30 
Se 60) 448.0 
3) 114 4 95 35 
aces ——-—— Loss in 70 days ...ccoce.s Zmizeee 
MGABiiscsseecavt lO OO 1 oo, siege pease sex’ efeekaee 24 31 52 Ditto in 16h.43m.,...... + 4.6 
Original error.. + 5 13 Indexerror......... + 1 0 — 
aa e Tee ————— Accumulated rate ...... 7m.32. 6s 
16 43 14 24 32 52 
Accum. rate+« + 7 33 Dip of horizon ... — 4 17 ph mata 


—-—— Sun’s declin., Jan. 24, 19 1) 5S 
Mean time at 16 50 47 24 28 35) «Diff. in lh. 36”.26x 10 10 
Greenwich... ©’scorr.(XVIII.) — 1 57 168h.=610 ",86= ive 
a ———_ Sun’s declination at 19 0558 
24 26 38 Greenwich time ... 
Sun’ssemidiameter + 16 17 90 


on 


@strue altitude... 24 42 55 Sun's polar distance. 70 59 5 
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2 

Polar distance ... os---.00e Ha Ses esses 20 59 
BEIEIMEE at ody acu srasehacdcsevesscccex 20 O08 
ERMMEMIEILTIUG “Ceccaccccscccecescceseee 24 49 
PERE cccctesernacteccnceccecs cesses i ete 
MRC pa0s oo be ddinceccece ie Mg 8 61 17 
SEIN 0, ou cen acesac¥atnse aiae th 36 34 

VRS peor e 
Time from noon... ......008 445 4 

94 
Apparent time at ship ......... 19 14 56 


dante ee eo 


ed 


19 27 31 
16 50 47 


ee 


Equation of time ...... 


Mean time at shin.........+0 ee 
Mean time at Greenwich } 
by Chronometer, No. 156 { 


Longitude in time by ditto ... 
Longitude made to noon 


Longitude at noon.......... oeeescecces | 38 


2 36 44 = 


253 


seseseee CO. -SeCaNtese 0.02437 
ccscccceeDS@CANt sococe 0.04961 


Seeieees Co-sine ...... 9. 64167 
erreeeene Sine Seeecsseoee 9. 77507 
eersesees Log @e-eeeeee 9 53072 (XX XI.) 
m. 8. 
Equation of time, Jan. 24 ...... }2 24. 82 


Hour. diff. + 0s. 60 X 17h,.= + 10.20 


Equation at Greenwich time... 12 35.02 


° ’ ” 


49 11 00 East. 
. — 10 O West. 


Longitude at noon .......s.ceeee. 39 1 00 East. 
: No. 284. No. 376. No. 807. 
h. m. gs, h, “me 8 ae ee 
Chronometer No. 156 ....,.0008 | 16 12 41 16 13 26 16 14 35 
Chronometers....... - aeeeesesseerseeeee| 16 16 18 16 23 42 16 «68 «O53 
Differences .......e+00. 10 1 ‘Tree 5 42 
Chronometer, No. 156, when rive Vv aera St te lpi 16 
albiéndos- were taken <ssessiesese j| 16 38 1 16 38 1 16 38 1 
| i6 41 38 | 16 48 17 | 16 32 19° 
Original errors ...eccecccs.cossevee eee] + J 10 + 10 12 + 15 34 
| 16 48 48 | 16 58 29 | 16 47 53 
Accumulated TALON scacenese sscererseee]| of 2 II — 7 28 + 3 2 
ee Nee | 
Mean time at Greenwich by the { 16 50 59 16 5} 1 | 16 50 58 
Chronometers... 
_ Mean time at ship oe the altitudes |. 19 oat 19 27 31 19 27 3l 
Longitude in time......cvcceseeqe-s--| 2 3G 32 2 36 30 2 36 36 
‘ ° “ ° 7 “ 9° ‘ 4” 
Longitude of ship .......00-+-seeeeee-| 39 8 00 39 7 30 39 «69 «(00 E. 
Longitude made tO NOON .....+ seer. —- 10 0 7 4000 — 10 OW. 
t 


Longitude by No. 156.....:cccccesesseeseneeeees 39 1 00 
~- a NO. 284 ...2-cecsesceecesees eee 38 58 000 F 
~ ve NO. STG .ecceecerseseeee eisagecsee 0067 SOE 
~ oe NO. 807 ..0.00.2-20ncee cocsesencee 38 59 00 


Mean Longitude at noon 


4) 155 55 30 


38 58 52 E. 


oe 
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To find the Rate of a Chronometer or Timekeeper. 


When a chronometer is received from the maker, or person to whose care 
it has been entrusted to regulate its going, a memorandum is always given 
with it, stating how much it is fast or slow for mean time at the meridian 
of Greenwich, or any other given place, on a given day; and its daily rate 
of going, that is, its gain or loss in 24 hours mean time, in seconds and 
tenths of a second: these particulars should be entered in a book kept for 
the purpose of carrying on the sum of the daily rates, or the total gain or 
loss of the chronometer, to each day at noon; so that the accumulated rate 
may be readily known, without the trouble of calculating its amount every 
day of observation.* 

Should the rate of a chronometer continue always uniform, the longitude 
is to he found as shewn in the preceding pages; but as these instruments 
are liable to vary their rates, it is necessary to examine their going when- 
ever opportunities present themselves: and this may easily be done when 
the ship is in harbour, or in the same place two or three weeks, by taking 
a set of altitudes when the sun is at a proper distance from the meridian, 
from which the mean time at the place of observation may be obtained ; the 
difference between which, and the mean of the times pointed out by the 
chronometer, will give what it is fast or slow at that meridian. 

Immediately before the ship sails, repeat these observations, and find 
again how much the chronometer is fast or slow for mean time; the differ- 
ence of these errors, when they are both of the same name, or their sum, 
when of contrary names, will be the whole gain or loss during the interval 
between the two observations: therefore to find the daily rate, say, as the 
interval of time is to 24 hours, so is the whole gain or loss, to the daily rate 

If the chronometer be fast at the time of the first observation, and the 
error be increasing, it is evidently gaining on mean time; but if decreasing, 
it 1s losing: on the contrary, if it be too slow at the time of the first observa- 
tion, and the error increasing, it is losing; but if the error be decreasin ; 
it 1s gaming. 

The rate deduced from the comparison of the errors, is founded on the 
supposition, that the motion of the chronometer is uniform during the 
interval of time between the observations; but should that not be the case 
these observations will not detect its irregularity : it will therefore be prudent 
to take the observations as frequently as circumstances will permit, by which 
several rates will be found, differing perhaps a little from each other; but 
the means of these may be considered as the true rate, and employed as 
such in subsequent observatiens for finding the longitude. 

If any of the rates found as above, should differ materially from the rest. 
such rates should be altogether rejected, as probably arising from some error 
in the observations, or irregularities in the going of the chronometer. 

When several observations are taken, by some of which the chronometer 
is found to be gaining, and by others losing, take the difference bet ween 


—_s 


_ ee 


* Books ruled for this purpose may be had at the Publishers’ of the present Work. 
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the sum of all the gainings, and the sum of all the losings, which divide 
by the number of days elapsed while it was under trial, and the quotient will 
be the mean rate, of the same denomination with the greater quantity. 


The method of finding the rate of a chronometer by altitudes taken in 
the usual way, from the horizon of the sea, is well adapted to the practice 
of seamen ; and if the observations be taken with care and skill, the rate so 
found, may be sufficiently exact for the usual length of a West India voyage: 
but it must be observed, that if there be an error in the daily rate, since 
that error accumulates every day, the longitude deduced from the chro- 
nometer at the end of a long interval, may in that case be wide of the truth. 


The rate may, however, be found nearly as correct as with an astro- 
nomical clock, by equal or single altitudes taken on shore with a sextant 
and an artificial horizon: indeed, these two instruments may be considered 
a portable observatory, and a person with their assistance will be enabled 
to regulate chronometers wherever he may chance to stop a few days. And 
here we must remark, it is not necessary to take the chronometer on shore for 
that purpose ; for if the observer have a good watch, that shews seconds, it 
may be compared with the chronometer immediately before he goes on shore ; 
and the difference applied to the mean of the times pointed out by the assist- 
ant watch, when the altitudes are taken, will be the time by the chronometer, 
corresponding to the mean of the altitudes. In fact, the rate should always 
be ascertained, if possible, when the chronomet‘y is on board ship, where 
being once fixed, it should on no account be removed;* for it has beer 
found by expericnce, that the motion of a chronometer is generally accelerated 
after being received on board, whereby a losing rate will be diminished, and 
w gaining one increased: this effect has been ascribed to “the magnetic 
action exerted by the iron in the vessel on the inner rim of the balance, 
Which is made of steel.”-- 


When the motion of a chronometer is accelerated after its rate has been 
determined, the longitude resulting from observations made with it, will 
be to the westward of the true longitude ; and when its motion is retarded, 
it will give the longitude too far to the eastward. 


* Chronometers should always be placed a-midships, and as nearly as possible to the 
ship’s centre of motion ; but at the same time at a distance from the iron-work of the ship. 


Commander R. Owen, R. N., who has had considerable experience as a Navigator, recom- 
mends, as the least objectionable method of fixing chronometers, that of having a table hung 
on gimbols, with a weight of from 20 to 50 lbs. suspended underneath, in the manner of an 
azimuth compass, so that the centre of gravity be as near the centre of its motion as possible, 
to permit it to keep its level permanently, without being subject to vibrate, and the axes of the 
gimbols to work in smooth stuffed leather sockets, bearing against springs in every direction; 
these springs being neither too stiff, nor too sensible, for the weight they are tosupport. The 
pillars, or stand for the sockets, to be a fixture in the deck. The chronometers to be placed 
in small partitions on the table, and to be wedged securely in their places by soft cushions. 


Commander O. also observes, that it is sometimes the practice to keep chronometers (pare 
ticularly the small case ones) in drawers ; but this is very objectionable, on account of the 
opening and shutting, which is sufficient of itself to derange them. 

+ See Mr. Fisher’s Paper on the Errors in Longitude, as determined by Chronometers at Sea 
read before the Royal Society, June 8, 1820.—Phil. Trans. 1820, p. 207. 
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We shall now proceed to illustrate the foregoing rules and remarks by a 
few Examples. 


EXAMPLE I. 


October 2, a chronometer was 10m. 42. 8s. fast at noon for mean time at 
Greenwich; and (October 11, at noon, it was 11m 19.'%s. fast for the same 
meridian: required the daily rate of the chronometer. 


mM. 8. 
October 2 Chronometer was fast...... 10 42.8 
October 1] ae bs fast..cacs 1k 19.7, 
Interval 9 days. 9) 0 36.9 = gain in 9 days. 


Daily rate... 9 4.1 gaining. 


EXAMPLE i1. 


At noon, June 13, a chronometer was 3m. 37s. fast for mean time at 
Greenwich; and at noon, June 25, it was 2m. 13. 8s. fast for the same 
meridian : required the daily rate of the chronometer. 


m 8 

June 13 Chronometer was fast...... 3 37.0 

June 25 A. bd fast..... Soar et Renee 

Interval 12 days. 12} 1 28.2 = doss in 12 days. 


Daily rate... O 6.9 losing. 


~XAMPLE I'L. 


February 2, at noon, a cnronometer was Im. 10s. fast, and February 23 
at noon, was Om. 50s slow, for Greenwich mean time: required the daily 
rate of the chronometer. 


™ S&S 
February 2 Chronometer was fast...... i 10 
February 23 “ ~  slow..... 0 50 
Interval 2] davs 2 0 = loss in 21 days 
— 6 
21) 120 


Daily rate... 5.7s. losing. 


EXAMPLE IV. 


November 5, by an observation taken at 4h. 20m. P. M., a chronometer 
was found to be 2h 10m. 45s slow; and on November 17, at Th. 32m. 


ON FINDING THE 


A. M. (civil time), it was 2h. 18m 36s slow, at the same 
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25% 


meridian: 


required the daily rate of the chronometer. 


November 5 at 4h.20m. 


November 16 at 19 


Interval... 11 days 15h. 12m. 


2h. 10m. 
13 


Chronometer was slow 


NUSIOW ace ees Papi. 


45s. 
36 


Loss during the interval ... Oh. 2m. 51s. 


Then, As 11 days 15h. : 24 hours :: 2m 51s. : 14. %s. 


Hence the daily rate of the chronometer is 14. '¥s losing. 


EXAMPLE V. 


May 1, 1866, at Falmouth, in latitude 50° 9’ N., and longitude 5° 2’ W., 
at 18h. 45m. mean time, (being May 2, at 6h. 45m. A. M., civid time), 
the following altitudes were taken with an artificial Aorizon, for the purpose 
of ascertaining the daily rate of a chronometer which had been previously 
set to Greenwich mean time: the index error of the sextant being 1’ 35” 


to be added. 

Times by Chron. Double alts 

h m. s. Od ig 

19 10 30 37 48 45 

12 40 38 4 30 

14 dl 38 20 15 

3) 38 1 114 13 30 

19 12 40 38 4 30 


uadex CLrOr. ...cce-+e jah 


+ 
2) 38 6 5 


——. 


Obs alt.sun’s L. L.. 
Sun’s corr. (XVIII) 


19 


3 2 
2 35 


19 
+ 


19 16 21 


90 


0 27 


Sun’s semidiameter. 15 54 


Sun’s true altitude.. 


70 43 39 


SS eel 


Sun’s zenith dist. ... 


fr. m. 8. 

Eq.of time, May]. 3 1.98 

Hour. diff. 0s. 32 
me LSBs ch sece 4. 6.08 


3 8.06 


Eq. at Green. time.. 


h. m. 
Mean time at Falmouth...... 18 45 May 1. 
Longitude in time (XIX.)... 4+ 20 W. 


Mean time at Greenwich ... 19 5 Log. 0 0996 (XXXIII.) 
Variation of dec.in 24 hours 18’ 0” Log. 0.1249 
° U 


“ 


Variation in 19h. 5m.... -+- 14 19 Log. 0 2245 
©’s dec. at noon, May 1. 15 5 29 N.(p. II. N.A.) 


ee ne 28 
Ditto at Greenwich time 15 19 48 N.......Secant 0.015706 
cA Site): Suet shcken sanccomes 50.9. 40. Nedestes Secant 0. 193291 
ST ETOR EG xc énakcetcash ohaee 34 49 12 
Zenith distance............ 70 43 39 
SILI thainacuchcodoteracnk crib? eek 40 
PEgH BUI su césus dedigcesases 52 46 25...006...5ine «we. 9.901010 
Difference ...... pateraseruee 35 54 27 85 
Half-difference ......0.-.. 17 57 13.........Sine ... 9.488814 
h.: ™.",8 —_—_-— 
App.time from noon ... 5 12 31.5......Log. ...9.59897. 4 
24 (XXXL) 
App. time at Falmouth.. 18 47 28.5 
Equation of time........5 — 3 81 
Mean time at Falmouth. 18 44 20.4 
Ditto by chronometer ... 19 12 40.0 


Chronometer fast oa: 28 19 


meridian of Falmouth 
Lu 


.6 May l. 
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EXAMPLE VI. 


May 2, 1866, at Falmouth, in latitude 50° 9’ N., and longitude 5° 2’ W., 
at 18h. 50m. mean time, (being May 3, at 6h. 50m. A. M., civil time), 
the following observations were taken with the same instruments as before, 
to find the daily rate of the chronometer. 


Times by Chron. Double alts. 


h. m. s. Peat nace h. m. 
1917 6 40 10 30 Mean time at Falmouth...... 18 50 May 2. 
18 18 23 15 Longitude in time(XIX.)... + 20 W. 
19 3l 37 0 
—_——_|~—S-—s ————_ Mean time at Greenwich ... 19 10 Log. 0.0977 (XXXIII.) 
3) 54 54 70 45 Variation of dec. in 24 hours 17 45” Log. 0.1310 
19 18 18 40 23 35 Variation in 19h. 10m... -+ 14 10 Log. 0. 2287 
Index error ......... -—+- 1 35 ©’s dec.at noon, May 2. 15 23 30 N.(p.II.N.A.) 
RAPS -— 23 
2) 40 25 10 Ditto at Greenwich time 15 37 40 N.......Secant 0. 016336 
tapeenmerss:  Tatitude *ticdscsevctearast 50 9 ON.......Secant 0, 193291 
Obs. alt.sun’s L. L.. 20 12 35 ere 
Sun’s corr. (XVIII) — 2 26 _. Difference....... ee ceccccees 34 31 20 
—-—— Zenith distance...... soeees 69 33 57 
20 10 9 Pramas 
Sun’s semidiameter. + 15 54 Sum iscoscccccccccseccerce 104 5 17 62 
—————  Half-sum ...cccccccccscvces 82 2) BG. ..s8d,. Sine ... 9.896729 
Sun’s true altitude... 20 26 3  Dzifference...... Wes cesccsos 35 2 37 120 
90 Half-difference....... osnae. Ld; 3 hd iaeateane Sine ... 9.478542 
SS ams ee so 
Sun’s zenith dist... 69 33 57 App.time from noon ... 5 6 40.........Log. ... 9.585103 
Ss 24 (XXXL) 
Wie Be App. time at Falmouth.. 18 53 20 
Eq.of time, May2. 3 9.38 Equation of time......... —- 3WU.l 
Hour diff. + 0s. 30. 4. 5.70 —_— 
MDs \c a siee' : Mean time at Falmouth. 18 50 4.9 
———— Ditto by chronometer... 19 18 18.0 
Eq. at Green.time.. 3 15.08 RTE ase 


—— —— 


Chronometer fast for 
meridian of Falmouth 


; 28 13.1 May 2. 
Ditto ditto 


28 19.6 May 1. 


eoreeerece 


Daily rate of chronometer 


6.5 losing. 


EXAMPLE VII. 


May 5, 1866, at Falmouth, in latitude 50° 9’N., and longitnde 5° 2’ W.., 
at 18h. 45m. mean time (being May 6, at 6h. 45m. A. M., civil time,) 
the following altitudes, with their corresponding times, were taken with the 
same instruments as before, to find the daily rate of the chronometer. 
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Times by Chron. Double alts. 
°o / “/ 
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h. m. s. h. m 
19 5 59 38 4 0 Meantime at Falmouth...... 18 45 May 5. 
7.12 19 28 Longitude in time (XIX.)... + 20 W. 
8 22 34 44 
—_—_— ———— Mean time at Greenwich ... 19 5 Log. 0.0996 (XXXIII.) 
3) 21 33 58 12 Variation of dec.in 24 hours 16’ 58” Log. 0. 1506 
—— — ° , u 
Ws ae oa wf 38 19 24 Variation in 19h. 5m.... -+- 13 29 Log. 0. 2502 
Index error suse + 1 35 © dec, at noon, May 5. 16 15 58 N.(p. II. N. A.) 
pea rane 1 
2) 38 20 59 Ditto at Greenwich time 16 29 27 N.......Secant 0. 018226 
ital san'’s LT. 19 10 29 TRtqu de? sec.csscces- >on ces 50 9 ON.......Secant 0. 193291 
meV) 21850 Diorence coessnngsesoseeers 83. 39 39 
19 7 54 Zenith distance....-....... 70 36 13 
pete cemmidiametors -F 018.53. Sumy. .sscsssccscasssssssessel04 15 46 87 
Sun's true altitude. 19 28 47 Difference wsmsencnene 3686 4000 13 
ok Half-difference .s...00e- 18 28 20...00040-Sine .. 9.500721 
x : . he ni a 
Sun’s zenith dist... 70 36 13 Any, time from noon ... 5.17 9.B.s0...Log. os» 9.609690 
24 (XXXI.) 
: ese App. time at Falmouth.. 18 42 50.2 
Eq. of time, May 5. 3 28,22 Bqatiod of time... — 3 32.6 
Hour diff. + Os. 28h 4,37 oT 
XK 1h. = wees Mean time at Falmouth. 18 39 17.6 
Ditto by chronometer... 19 7 11.0 


3 32.58 


ooo 


Eq. at Green. time.. 


Chronometer fast for 
meridian of Falmouth \ 27 53.4 May 5. 
28 13.1 May 2. 


ditto 


0 19.7 


Ditto 


Loss of chro, in 3 days... 


Daily rate of chronometer 6.56 losing. 


EXAMPLE VIII. 


May 7, 1866, at Falmouth, in latitude 50° 9’ N., and longitude 5° 2’ W., 
at 18h. 35m. mean time, (being May 8, at 6h. 35m A. M., ccvzd time,) 
the altitude of the sun’s lower limb, taken as before, and corrected for index 
error, being 18° 30’ 37”, when the chronometer shewed 19h. Om. 4s.: to 
find the daily rate of the chronometer. 

Answer.—The mean time at Falmouth 18h. 32m. 248.7, and the 
chronometer fast 2%m. 39s.3, which, compared with its error on May 5, 
gives its daily rate 7s.0 losing. 


EXAMPLE IX, 


May 11, 1866, at Falmouth, at 18h. 35m. mean time, (being May 12, 
at 6h. 85m. A.M., civil time,) the altitude of the sun’s lower limb, taken as 
before, and corrected for index error, being 19° 2’ 28”, when the chronometer 
shewed 18h. 57m. 52s.: to find the daily rate of the chronometer. 

Answer.—The mean time at Falmouth at 18h. 30m. 41s.1, and the 
chronometer fast 27m.10s.9, which, compared with its error on May %, 
gives its daily rate 7s.1 losing. 
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From the preceding observations, the mean rate may be determined as 
follows :— 


m. 8. Daily rates. 
May | Chronometer was fast... 28 19.6 8. 8. 
bets ae te xe) fastes.2 28 13. 15..0. Joss in l day a. (8.6 6.5 
coe ey be dN PLEASE. 2. ses pactiohe Geawese loss in 3 days ... 19.7 + 3=—6.6 
ee a os) fasts. 27 SRHBa loss in 2 days... 14.1 + 2=—-7.0 
all ae oop AnStegs 27210. 9.0453 loss in 4 days ... 28.4 -—4=7. 1 


Loss in 10 days... 68.7 4) 27.2 


po 


Mean daily rate... 6.8 


Or 68s.'7., the total loss, divided by 10, the number of days elapsed 
between the first and last observations, gives the mean daily rate 6s. 9. 


Hence it appears that on May 11, at 18h. 5%m. 52s. (May 12, at 
6h. 5'%m. 52s., A.M., civél time) the chronometer was fast for the meridian 
of Falmouth, 27m. 10s.9., and dosing daily 7s.1. 


Or if the longitude of Falmouth in time (20m. 8s. W.) be added to 
18h. 30m. 41s.1., the mean time at Falmouth when the observation was 
made May 11, it will give the mean time at Greenwich 18h. 50m. 49s. 1., 
which, subtracted from 18h. 57m. 52s., shews that the chronometer’ was 
“{m. 28.9 fast for the meridian of Greenwich. 


It is essential that the altitudes used for finding the rate of a chrono- 
meter should be observed about the same time of each day, or that the 
proportional part of the gain or loss should be found ; for as the daily rate 
is the loss or gain in 24 hours, it follows, that if one observation, for 
instance, be taken in the morning, and another in the afternoon of the 
following day, the interval being more than a complete day of 24 hours, 
the difference of the times by the chronometer will be more than the daily 
rate. Let us suppose that the above series of observations were continued, 
and that on May 13, altitudes were taken in the afternoon, by which it 
appeared, the mean time at Falmouth was 5h. 16m. 35s., P.M., when the 
chronometer shewed 5h. 43m. 35s.5., and was therefore 27m. Os. fast for 
mean time when the observations were taken. 


May Ild. 18h. 30m. 41s.1. Chronometer was fast 27m. 10s.9 
May 13 5 16 35+-24h, % he 27 00 .5 
Interval 1 10 345 53.9 Difference... 10 .4 


The chronometer therefore Jost 10s.4 in 1 day, 10h. 46m. = 34h. 46m. 
or 85 hours nearly : consequently, as 35h. : 10s.4.:: 24h.: Ys.1., the daily 
rate required. 


_ Three or more chronometers may be compared together daily, and a 
judgment thence formed of the regularity of their going: as for imstance, 
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suppose the comparison be made each day about noon with three chrono- 
meters: the assumed rate of No. 1 being 2s. gaining; of No. 2, 5s. gain- 
ing; and of No. 3, 6s. losing; let the comparisons be made as in the 
following 'Tables : 


Comparison of No. 2. with No. 1. Comparison of No. 3. with No. 1 


Chro. Chro. | First |Sec. Chro. Chro. | First |Sec. 


a No. l. No. 3. 


h, h. h. m. s. {h. 
1 }0 0 1}0 0 3 
2/10 |0 2/10 0 a” 
3/0 0 3 |0 0 6 
410 0 4/0 0 8 
5 |0 0 5 |0 0 7 
6 |0 0 6 |0 0 Q- 
7 \0 0 7 |0 0 3 | 
8 {0 0 & |0 0 6 
9/0 0 9 |0 0 q 
10 | 9 10 (0 0 ‘ 
Daily gain of No. l....... 2s. Daily gain of No. 1....... 2s. 
Daily gain of No. 2....... 5 Daily loss of No. 3....... 6 
Daily diff. should be...... 3 Daily diff. should be...... & 


Comparison of No. 3. mith No. 2. 


Chro. ro. | First | Sec. 
No. 2. 


Days. 


m. 
21 
23 
26 
22 
24 
19 


coocoscscor 
pot pd —_ 
aAouoanweus 


31 
26 
27 3510 12 


— 
— 
— 


Saco ooaaor 


1 
2 
3 
4 
i) 
6 } 
7 
8 
9 
10 


Daily gain of No. 2..,... ove’ OB. 
Daily loss of ‘No. d......... 6 


Daily diff. should be ......11 


Now by comparing No. 2 with No.1, we find that No. 2 is regularly 
gaining daily 3s. on No. 1, equal to the difference of their rates; again, No. 3 
being compared with No. 1, their daily difference (which should be 8s., the 
sui of their daily rates, because one is gaining, and the other losing) appears 
to be irregular; and, lastly, No 3 compared with No. 2, gives also irregular 
differences, which should be 11s., the sum of their rates: hence we conclude 
that No. 1 and No. 2 are going steadily, but that No. 3 is going very 
indifferently. 
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In winding up a chronometer that is going, great caution should be 
bserved, not to give it circular motion, which would alter its rate some 
seconds, or, perhaps, even stop its going; but when a chronometer is once 
suffered to run down, it will not acquire new motion without giving it two 
or three quick horizontal circular turns; and it must be observed, that when 

has once stopped, though for ever so short a period, it will not recover the 

gularity of its motion for some days after, and consequently no reliance 
can be piaced on its performance, until its rate be proved by subsequent 
observations. 


A chronometer should be wound up regularly at the same time of the 
day, and great care taken not to give the key, first halfa turn, then a 
whole turn, afterwards three-quarters, and so on; for this irregular mode 
of winding up will sometimes very materially alter its rate, and should be 
as carefully avoided as circular motion: it is therefore advisable always to 
to turn the key gently half round at a time, until the spring be wound up 
The chronometer should also be examined before the case is shut, to ascer- 
tain whether it continue going, as sometimes, when wound up in haste, and 
the chain overstrained, it will be liable to stop. 


Chronometers are of great utility in carrying on the longitudes deduced 
from lunar distances, from one day to another, so that the results of a num- 
ber of observations may be brought to one point of time. Also, the 
apparent time found by altitudes taken at a proper distance from the meri- 
dian, being carried on by the chronometer, will answer for any lunar 
observation taken in the course of 24 hours: in fact, whenever it is requisite 
to measure short intervals of time accurately, or to ascertain the difference 
of longitude between adjacent places, these instruments are of the greatest 
importance. 


The method of carrying on or deducing the time of taking distances, 
to the time of taking altitudes for the chronometer, may be illustrated as 
follows : suppose that altitudes are taken for ascertaining the longitude by 
chronometers, and that afterwards a set of lunar distances be observed; 
take the elapsed time, as measured by the chronometer, from observing 
the time-altitudes to that of observing the distances, and when the time 
at Greenwich is deduced from the distances, subtract this elapsed time 
from it, and the remainder will be the time at Greenwich when the alti- 
tudes for time were taken, and will produce the longitude at that time, 
and not when the distances were observed. On the contrary, if a set of 
lunar distances be taken before the altitudes are observed to find the appa- 
rent time, then the elapsed time must be added to the Greenwich time, 
to bring the longitude to the time when the altitudes were taken. 


Or, which is precisely the same thing, ascertain by the altitudes how 
much the chronometer is too fast or too slow at the meridian of the place 
of observation : this error being applied to the mean of the times by the 
same chronometer, when the distances are observed, will reduce the longi 
tude by the lunar observation to the meridian where the error was ascer- 
tained ; consequently, will give the longitude of the ship when the time- 
altitudes were observed. 
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EXAMPLE V. 


April 7, 1866, a set of altitudes was taken, which gave the mean time 
at ship 5h. 13m. 36s., when a chronometer, gaining daily 28.5, shewed 
2h. 48m. 59s.; and at 11h. 36m. 498.1, by the same chronometer, 
-a set of distances was observed, which gave mean time at Greenwich 
11h. 22m. 27s. : required the longitude of the ship when the time altitudes 


were taken for the chronometer (see Example V. on lunar observations. 
page 284.) 


h.m. s. 
Mean time by chronometer when the time altitudes were observed 2 48 59 
Mean time by chronometer when the distances were observed... 11 36 49.1 
Interval by chronometer .......... pe Ry beth si: Binge Pe emits Sneha 8 47 50 1 


Mean time at Greenwich when the distances were observed ...... 11 22 27 


' Mean time at Greenwich when time alts. were taken for chron.... 2 34 36.9 
Mean time at ship when time altitudes were taken for chronometer 5 13 36.0 


~ c / “ 


Longitude when time altitudes were taken for chronometer ...... 2 38 59 1=39 44 45 E. 
(OR THUS.) fuente 

Mean time by chronometer when the time altitudes were observed 2 48 59 

Mean time at ship when time altitudes were taken for chron...... 5 13 36 

Chronometer slow at the meridian of the ship ......secccseses+seeeeee 2 24 37 


Mean time by chronometer when the distances were observed ... 11 35 49.1 


Mean time at the meridian where the altitudes were taken, when 


. 14 1 26.1 
SUPATINTETICES WETC ODSETVED. ....0ccscscccsccceccccocsonwobsecsesces 
Mean time at Greenwich when the distances were observed ...... 1 Y ip wey) 
preneinaeeaaae ° , “ 
Longitude when time altitudes were taken for chronometer ...... 2 38 59.1=39 44 45 E. 


— 


Observations of lunar distances may be carried on from one time to 
another, so that when the observer has obtaincd a number of sets on each 
side of the moon, he may bring them all to one point of time by the 
chronometer, and thereby get a mean of all the observations, which will 

ive very nearly the true longitude, if the observations be carefully made. 

his may be explained as follows :—suppose on January 20th, six sets of 
lunar distances be observed; on the 21st four more; and on the 23rd, 
being the last day when the distances are set down in the Nautical Alma- 
nac on that side of the moon, six more sets be observed. ring each set 
of distances to the time when the altitudes for chronometers were taken 
on their respective days: then take the difference of longitude shewn by 
the chronometer between the 20th and the 23rd, at the time the altitudes 
for the chronometer were observed, which apply to each set taken on.the 
20th ; do the same between the 2lst and 23rd; each set will then be 
brought on to the time when altitudes for the chronometer were taken on 
the 23rd ; in all sixteen sets. The mean of these observations will, in all 
pepebibty, not be far from the truth. In this manner observations may 

e carried on, by distances taken on the other side of the moon, and the 
result deduced from their mean, will approximate still nearer to the truth. 


264 ON FINDING THE LONGITUDE BY CHRONOMETERS. 


Thus the lunar observations and chronometers may be made to go hand 
in hand with each other, to discover the ship’s true longitude. 


EXAMPLES FOR EXERCISE. 


1. June 25, 1866, a chronometer was fast of Greenwich mean time 
2m. 13s. 8, and losing 6s 9 daily. 

July 8, 1866, P.M. at ship, in latitude 47° 46’ N., suppose the observed 
altitude of the sun’s lower limb to be 26° 32’ 17”, when a chronometer 
shewed 2h. 50m. 15s. P.M., the height of the observer's eye 28 feet, and 
index error 4’ 10" to add: required the longitude of the ship. 

Answer. Mean time at ship 5h. 2m. 21s, mean time at Greenwich 
2h. 49m 82s., and the longitude 33° 12’ 15” East. 


2. October 11, 1866, at noon, a chronometer was fast for Greenwich 
mean time LIm. 19s. 4 and was gatning 4s. 1 per day. 

October 21, 1866, A.M. (civzl time), in latitude 35° 37’ S., the same 
chronometer shewed 6h. 42m. 10s. A.M. (civil time), at Greenwich, when 
the observed altitude of the sun’s lower limb was 42° 19’ 52”; the index 
error being 2’ 30" to subtract, and the height of the eye 20 feet: required 
the longitude of the ship. 

Answer. Mean time at ship, October 20, 20h. 45m. 4%s.; mean time 
at Greenwich 18h. 30m. 1ls.; and the longitude 33° 54’ 0” East. — 


3. August 7%, 1866, at noon, a chronometer was slow for mean time at 
Greenwich 17m. 80s. ; and on August 13, at noon, it was slow for mean 
time, at the same meridian, 18m. 45s. 

August 23, 1866, A.M. (civil time), in latitude 37° 40’ N., when the 
above chronometer shewed 5h. 53m. 16s. (being P.M. at Greenwich), the 
observed altitude of the sun’s lower limb was 37° 15’ 40", the index error 
of the sextant being 2’ 15” to subtract, and the height of the observer's 
eye 20 feet : required the longitude of the ship. 

Answer. The daily rate of the chronometer was 12s. 5 losing the mean 
time at ship 20h, 37m. 51s. ; and the mean time at Greenwich 30h. 14m. 9s. 
past noon, August 22: and the longitude 144° 4° 80” West. 


4, January 2, 1866, at noon, a chronometer was [h.12m_ 59s. 5 slow for 
mean time at Greenwich; and on January 9, at noon, it was lh. 13m. 57s. 
slow for mean time at the same meridian, 

January 30, 1866, P M., at ship in latitude 30° 20’ N., when the above 
chronometer shewed 2h. 40m. 15s., (being January 30, A.M., civil time, at 
Greenwich), the observed altitude of the sun’s lower limb was 1'7? 42’ 54", 
the index error being 3’ 15” to add, and the height of the eye 20 feet: 
required the longitude of the ship. 

Answer The daily rate of the chronometer was 9s. 2 losing; the mean 
time at ship 27h. 57m. 2s. ; and the mean time at Greenwich 15h. 57m. 2s. 
past noon, January 29 ; the longitude 179° 55’ 00” East, 


5. February 6, 1866, at noon, a chronometer was 2%m. 548.5 fast for 
mean time at the Cape of Good Hope, in longitude 18° 24 24” K.; and 
February 13, at noon, it was 29m, 10s. fast at the same meridian, 
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March 3, 1866, about 6h. 15m. P.M., ship time, in latitude 18° 58’ N., 
the altitude of the star Reautus was observed to be 17° 42’ 16” (Last of the 
meridian,) when the above chronometer shewed 3h. 10m. 36s. P. M.; 
the error of the sextant being + 2’ 11”, and the height of the observer's 
eye 24 feet : required the longitude of the ship. 

Answer. The daily rate of the chronometer was 10s. 8 gaining ; the 
mean time at ship 6h. 15m. 4s.; the mean time at Greenwich Ih. 24m. 32s. 
on March 3; and the longitude 72° 38’ 00” East. 

6. September 23, 1866, at noon a chronometer was 10m. 30s. slow for — 
mean time at Greenwich, and losing daily 12s. 5. 

October 11, 1866, in latitude 10° 13’ N., when the above chronometer 
shewed 9h. 17m. 28s., suppose the observed altitude of the centre of the 
Planet Venus to be 27° 42’ 10” ( West of the meridian ;) the index error of 
the sextant being + 2’ 44”, and the height of the observer's eye 18 feet: 
required the longitude of the ship. | 

Answer. Longitude of the ship, 48° 44’ 37” West. 

7. April 10, 1866, at noon, a chronometer was slow for mean time at 
the Observatory of Paramatta (New South Wales), in longitude 151° 1’ 34” 
E., by 9h. 33m. %s., and losing daily 5s. 8. 

May 6, 1866, A. M. at ship. in latitude 42° 37’ N., and longitude by 
account 96° 24° W., when the above chronometer shewed lh. 44m. 30s. 
P.M., suppose the observed altitude of the Moon’s upper limb to be 
26° 48/50” ( West of the meridian ;) the error of the instrument being — 2’ 30” 
and the height of the observer’s eye 20 feet: required the true longitude 
of the ship. 

Answer. The longitude of the ship, 96° 25’ 30” W. 

8. September 9, 1866, (cévil time,) at Bombay, in latitude 18° 56’ N., 
and longitude 72° 54’ 24” E., about Th. 20m. A.M., the double altitude of 
the sun’s lower limb was observed to be 38° 37’ 55” by an artificial horizon, 
when a chronometer shewed 2h. 31m. 58s. A.M.; and on September 16, 
about Th. 24m. A.M., the double altitude of the sun’s lower limb was 
again observed to be 33°42’, when the same chronometer shewed 2h. 23m. 54s. 
A.M.., the error of the sextant being—2’ 10” at both observations: required 
the rate of the chronometer, and its error on Greenwich mean time, when 
the latter altitude was taken. 

Answer. The chronometer was |1m. 3s.6 fast for Greenwich mean 
time, September 9, and 12m. 16s. 5 fast on September 16; hence the daily 
rate was 10s. 4 gaining. 

9. May 4, 1866, at Kingston, (Jamaica,) in latitude 1° 58’ N., and 
longitude 76° 46’ 10” W., about 4h. 30m. P.M., the double altitude of 
the sun’s lower limb, taken by an artificial horizon, was 49° 34’ 85”, a 
chronometer, No, 65, shewing at the same time 9h. 30m. 28s. P.M.; and’ 
on May 12, about th. 86m. P.M., the double altitude of the sun’s lower. 
limb was 49° 35’ 50”, when chronometer No. 65 shewed 9h. 31m. 51s. 
P.M.; the index error of the sextant being + 1’ 15” at both observations : 
required the rate of the chronometer, and its error for Greenwich mean 
time when the latter altitude was taken. 

Ans. The chronometer was 6m. 29s.8 slow for mean time at Greenwich on 
May 4, and 6m. 33s. 5 slow on May 1 a ; hence the daily rate was 0s.46 losing. 

M 
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ON FINDING THE LONGITUDE BY LUNAR 
OBSERVATIONS. 
To find the apparent Altitudes and Distance 


Rutxs.—1. With the apparent time at the ship, and the longitude by 
account turned into time (XIX)., find the apparent time at Greenwich by 
the Rules in Page 155; to which apply the equation of time, as directed in 
Page 153: the result will be the mean time at Greenwich by account. But, 
should a chronometer be at hand, whose original error and rate are known, 
the mean time at Greenwich may be more correctly and easily inferred 

from it, as shewn ‘n the method of finding the longitude by chronometers. 
' 2. From Page III. of the month in the Nautical Almanac, take out the 
moon’s scmidiameter and horizontal parallax, and reduce them to the mean 
time at Greenwich*; and to the semidiameter add the moon’s augmenta- 
tion, taken from Table VII. 

3. From the moon’s observed altitude} subtract the dip of the horizon 
(V.), and to the remainder add the moon’s augmented semidiameter when 
the lower limb is observed, or subtract it if the upper limb be taken: the 
result will be the apparent altitude of the moon’s centre. 

4. Then, if the sun be observed, from the observed altitude of the lower 
limb subtract the dip of the horizon (V.), and to the remainder add the 
sun’s semidiameter for the given day, taken from Page II. of the month in 
the Nautical Almanac: the sum will be the sun’s apparent altitude. 

5. To the observed distance add the semidiameter of the sun, and the 
moon’s augmented semidiameter ; their sum will be the apparent distance. 

6. But, if a star or a planet be observed, from its observed altitude sub- 
tract the dip; and the remainder will be the star’s or planet’s apparent altitude. 

7. 'To the observed distance of the moon and star, or planet, add the 
moon’s augmented semidiameter, if the nearest limb were taken, but subtract 
it, if the farthest limb were observed: their sum or difference will be the 
apparent distance. 


To find the true Distance.t 


METHOD I. 


Rutrs.—l. To the sum of the apparent altitudes add the difference of 
the correction of the moon’s apparent altitude (X X-X.), and that of the sun, 


* See Note, Page 186. 

+ In all cases the observed altitudes and distances must first be corrected for the index 
error (if any) of the instrument. 

t Five different methods of clearing the distance are here given: the first is a modification 
of Mr. Krafft’s Method by natural.versed Sines ; the second is derived fromn that of M. Burda, 
abridged by the Table of Logarithmic Differences, and requires six places of figures in the 
logarithms ; the third is similar to that given by Mr. Witchell, and requires only four places 
of figures; the fourth was invented by Mendoza Rios, Esq., and has the advantage of not 
requiring any distinction of cases; the fifth is Mr. Lyon’s, improved by using a set of Linear 
Tables, invented and published by the Author of this Work. These Tables, for correcting 
the apparent distance for the effect of refraction without calculation, render this method one 
of the easiest and shortest that have been proposed. 
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star, or planet*, which will give the sum of their true altitudes; subtract this 
from 180°, and the remainder will be the sum of their true zenith distances. 

2. Under the sum of the apparent altitudes place the auxiliary arc 
(XX X*.)+ and the apparent distance: call these A, B, and C. 

3. T'ind the sum and difference of the auxiliary arc (B), and the sum of 
the apparent altitudes (A), also the sum and difference of the auxiliary are 
(B), and the apparent distance (C); place these in order under each other, 
together with the sum of the true zenith distances. 

4. Add together the natural versed sines (XX XVI). of the five arcs, 
placing the parts for seconds opposite each, and their sum, together with the 
sum of the parts, will be the natural versed sine of the true distance. 

Note. 1. Since the true distance will never differ much more than a 
degree from the apparent distance, it will suffice to take out only the last 
five figures of the natural versed sines, observing to reject the tens in the 
last line added up. 

2. When any of the arcs exceed 180°, subtract them from 360°, and take 
out the natural versed sine of the remainder. 


METHOD II. 


Rotrs.—l. To the sum of the apparent altitudes add the difference of 
the correction of the moon’s apparent altitude (XX X.), and that of the 
sun, star, or planet*, which will give the sum of their true altitudes, of 
which take the half. 

2. Add together the apparent altitudes and apparent distance, and find 
the difference between half this sum and the apparent distance. 

3. To the log co-sines of the half-sum and difference (X XV.) add the 
logarithmic difference (XX XIX.)t, and half the sum of these three loga- 
rithms will be the log. sine of an arch. 

4. Add together the log. co-sines of the sum and difference of the arch, 
and half the sum of the true altitudes; then will half the sum of these twe 
logarithms be the log. sine ‘of half the true distance. 

Nore. In this method it may be observed that the seconds of the 
apparent distance may be omitted until the operation be finished, and then 
they are to be added to the computed distance. If the sum of the apparent 
distance and altitudes should have an odd digit in the unit’s place of the 
minutes, the minutes in the distance may be increased by an unit; and, in 
this case, what the given number of seconds wants of 60”, is to be sub- 
tracted from the computed distance. 


* The sun’s correction is the difference of the refraction (IV.) and parallax in altitude 
(VI.), which may be found at once in Table XVIII. The st¢ar’s correction is the refraction 
in altitude (IV. or XVIII.) The planet’s correction is the difference of the refraction (IV.) 
and parallax in altitude (XLVIIL.) 

+ The auxiliary are may be-taken out at the same time with the moon’s correction, being 
piaced on the opposite page, taking care always to add the seconds given in the right-hand 
column, when the distance from the sun or a star be observed ; or those in Table L. when 
the object is a planet 

+ When the sun or a star is observed, the logarithmic difference is to be corrected by Table 
XI. or XLI.; but when the object is a planet, by Table XLIX. 


268 ON FINDING THE LONGITUDE BY LUNAR OBSERVATIONS. 


METHOD III. 


Rvuies.—l. Add the sun’s, star’s, or planet’s apparent altitude to the 
mvon’s apparent altitude, and take half their sum; subtract the less altitude 
from the greater, and take half the difference; then add together 

the log. co-tangent of half the sum (X XV.) ; 
the log. tangent of half the difference ; 

and the log. co-tangent of half the apparent distance : 
their sum, rejecting the tens in the index, will be the log. tangent of ar. 
‘rch, which call A. 

2. When the sun’s, star’s, or planet’s altitude is greater than the moon’s, 
take the difference between the arch A, and half the apparent distance; but 
if less, take their sum ; then add together 

the log. co-tangent of this sum or difference; 
the log co-tangent of the sun’s, star’s, or planet’s apparent altitude; 
and the proportional logarithm (XX XIV.) of the sun’s, star’s, or planct’s 
correction*; their sum, rejecting the tens in the index, will be the propor- 
tional logarithm of the first correction. 

3. If the sum of the arch A, and half the apparent distance, were taken 
in the preceding article, now take their difference; but if their difference 
were then taken, now take their sum ; then add together 

the log. co-tangent of this sum or difference ; 
the log. co-tangent of the moon’s apparent altitude ; 

_ and the proportional log. (XX XIV.) of the moon’s correction(X X X.); 
their sum, rejecting the tens in the index, will be the proportional loga- 
rithm of the second correction. 

4. When the arch A is less than half the apparent distance, the first 
correction must be added to, and the second correction subtracted from 
the apparent distance ; but when the arch A is greater, both the first and 
second corrections are to be added to the apparent distance, if the moon’s 
altitude be the greater ; but when the moon’s altitude is the less. they are 
both to be subtracted from it, to give the corrected distance. 

5. Enter Table XX XV. with the corrected distance at the top or bot- 
tom, and the moon’s correction and second correction alternately in the side 
column : the difference between the seconds thus taken out, being added 
to the corrected distance, when it is less than 90°, or subtracted from it when 
above, will give the true distance. 


METHOD IV. 


Rures.—1. Add together the apparent distance and apparent altitudes, 
and take half their sum; the difference between the half-sum and the sun’s, 
star's, or planet’s apparent altitude, call the first remainder; and the differ 
ence between the half-sum and the moon’s apparent altitude, call the second 
remainder. 


* See Note * at the bottom of the preceding Page. 
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2. Add together 
the log. sine of the apparent distance ; 
the log. co-sine of the moon’s apparent altitude ; 
the log. secant of the half-sum ; 
the log co-secant of the first remainder ; 
the proportional log. (XX XIV.) of the moon’s correction (XX X.)3 
and the constant logarithm 9.6990 : 
their sum, rejecting the tens in the index, will be the proportional logarithm 
of the first correction. 

3. Add together 

the log. sine of the apparent distance (already found) ; 

the log. co-sine of the sun’s, star’s, or planet’s apparent altitude ; 

the log. secant of the half-sum (already found) ; 

the log. co-secant of the second remainder ; 

the proportional log. (XX XIV.) of the sun’s, star’s, or planet's 
correction* ; 

and the constant logarithm 9.6990: 
their sum, rejecting the tens in the index, will be the proportional logarithm 
of the second correction. 

4. ‘The difference between the first correction and the correction of the 
moon's altitude, call the difference of corrections. 

Inter ‘Table X X XV. with the apparent distance at the top, and the 
moon’s correction in the side column, and the corresponding number will be 
the third correction; in the same column, and opposite the difference of cor- 
rections, will be found the fourth correction. 

5. Subtract the sum of the moon’s correction, and the second and fourth 
corrections, from the apparent distance ; to the remainder add the sun’s, 
star’s, or planet's correction, and the first and third corrections: their sum 


will be the true distance. 
METHOD V 


1. To the apparent distance add the correction taken from the Linear 
Tables; the sum will be the distance corrected for refraction. 

2. Add together the sine of the corrected distance (XX V.), the co-secant 
of the sun’s, star’s, or planet’s apparent altitude, and the proportional loga- 
rithm (XX -XIV.) of the moon’s horizontal parallax; the sum, rejecting 20 
in the index, will be the proportional logarithm of the first arch. 

3. Add together the tangent of the corrected distance, the co-secant of 
the moon’s apparent altitude, and the proportional logarithm of the moon's 
horizontal parallax; the sum, rejecting 20 in the index, will be ‘he propor- 
tional logarithm of the second arch. 

4. When the distance is less than §0°, the difference of the first and 
second arches is a correction for parallax; which, subtracted from the cor- 
rected distance when the first arch is the greater, or added to it when the 
first arch is the less, the sum or remainder will be the distance corrected for 


the moon’s parallax. 


sl saa me 


* See Note * at the bottom of Page 267. 
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But, when the distance is greater than 90°, the sum of the two arches 
is a correction for parallax, and is always to be subtracted from the cor- 
rected distance. 

5. Enter ‘lable XX XV., and from the column marked with the distance 
at the top, opposite the moov’s parallax in altitude* in the left side column, 
take out a number of seconds answering thereto; then in the column with 
the distance at the top, opposite the correction for parallax, find another 
number of seconds; the difference between these being added to the distance 
corrected for refraction and parallax, when it is less than 90°, or subtracted 
from it when above, the sum or remainder will give the true distance. 

Nore. If the moon’s distance from the swn be observed, it may be fur- 
ther corrected for the parallax of the latter by Table A. (Linear Tables), 
which gives two small corrections, to be found under the apparent altitudes, 
and opposite the distance, to be applied as directed at the head of the column 
containing the distance}. It may, however, be observed that the error, 
arising from the omission of these corrections, will seldom amount to more 
than two or three seconds, and in no case can exceed nine seconds; they 
therefore need only be applied when the distance is required to the nearest 
second. 

But if the moon’s distance be taken from the centre of the Planets 
Venus or Mars, it should be corrected for the effect of their parallax, by 
entering Table A with the distance and altitudes, as directed for the sun, 
using the altitude of the planet instead of that of the sun; then multiply 
the correction so found by the horizontal parallax of the planett, and 
divide the product by 9: the quotient will be the correction for the 
planet’s parallax, to be applied to the distance by addition or subtraction, 
as directed for the sun. The parallaxes of the Planets Jupiter and Saturn 
are too small to require notice. 


Having the true Distance, to find the Longitude. 


1. Among the distances of the moon’s centre from the sun, a star, or 
planet, set down for every third hour of Greenwich time, from Page XIII. 
to XVIII. of each month in the Nautical Almanac, find the two distances 
between which the true distance falls on the given day of the month at 
Greenwich, and take out the intermediate proportionai logarithm from the 
column headed, “ P. L. of Diff”; subtract this prop. log. from the prop. 
log. (X XXIV.) of the difference between the true distance and that under 
the next less hour; the remainder will be the prop. log. of a portion of time, 
which added to the above-mentioned next less hour, the sum will be the 
mean time at Greenwich. 


Re ee Oe a ee 

* The moon’s parallax in altitude is found by Table B. (Linear Tables), under the moon’s 
horizontal parallax, and opposite the moon’s altitude. 

+ When both corrections are additive or subtractive, their sum is to be added or subtracted, 
but if one be additive, and the other subtractive, their difference is to be added or subtracted 
according to that of the greater. 

t¢ The horizontal Parallaxes of the planets are given in tne Nautical Almanac for 1866, 
from Pages 301 to 323 
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But, as the distances in the Nautical Almanac do not increase or decrease 
uniformly, on account of the irregularity of the moons motion, when 
extreme accuracy ts desired, a number of seconds should be applied to tho 
above Greenwich time, (especially when the prop. logs. opposite the 
distances in the Almanac, } increase or decrease by considerable differences), 
which may be found as directed in the Explanation to ‘lable LIV.; or 
by a Table given in Page 498 of the Almanac for 1866. 

2. Find the difference between the mean time at Greenwich and the 
mean time at the ship*; convert this difference into degrees and minutes 
(XIX_), and it will give the true longitude of the ship: Easv, if the time 
at the ship be greater than the time at Greenwich (reckoning from noon 
of the same date); but W esr, if the time at the ship be ess than the time 
at Greenwich. 


EXAMPLE I, 


May 6, 1866, about 8h. 23m. A.M., mean time at ship, in latitude 
87° 13’ N., and longitude by account 65° 30’ W,, suppose the angular 
distauce between the sun and moon was observed to be 106° 22’ 30"; the 
altitude of the sun’s lower limb at the same time being 38° 44’ 40”; and 
the altitude of the moon’s upper limb 18° 46’ 15”; with the height of the 
observer's eye 18 feet:—required the true longitude of the ship at time 
of observation. ; 

h. m. OW Bg TF 


Est m™- timeat ship 8 23 A, M. 6th= 20 23 May 5. Observed distance, sun and moon 106 22 30 
Long. 65° 30’ in time (XIX) ... 4 22 W. Sun’s semidiameter (p. If N.A.) + 15 53 


Moon’s semidiameter + 15’ 15” 2 
24 45 Moon’s aug. (VII.) + 6 +15 21 
24 ——s 
Apparent distance, sun and moon 106 53 44 
Est.mean time at Greenwich ... 0 45 May 6. —_-—— 
. , “7 
Moon’s semidiameter at noon......... 15 15 
Moon’s horizontal parallax at noon... 55 54 
‘ ° / “7 ° , 
Obs. altitudes of sun’s lower limb... 38 44 40 Obs. altitude of moon’s upper limb 18 46 15 
Dip of Horizon (Table V.) ......... — 4 4 Dip of Horizon (Table V.) ........— 4 4 
| 38 40 36 18 42 11 


Sun’s semidiameter (p. II. N.A.)... + 15 53 Moon’saug. semidiam (from above) — 15 21 


TS 


Sun’s apparent altitude............... 38 56 29 Moon's apparent altitude ...!....... 18 26 50 


* If either of the objects employed in the lunar observation be far enough from the meridian, 
the time at the ship is to be found from its altitude by the Rules in Pages 230, 233, 236, or 
238; but if both these be too near the meridian, or the altitudes cannot well be depended on 
(although they may be sufficiently exact for clearing the distance), the time at the ship, and 
thence the error of the watch or chronometer, must be found either before or after the 
distance is taken, and the error applied to the mean of the times given by the same watch, 
when the distance is observed (as in the fourth and fifth examples); and it must be understood 
that in this case the longitude deduced from the lunar observations, will be that of the ship, 
at the time the error of the watch was ascertained. 
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‘¢ Lyon’s Meruop improved,” by Cotuman’s Lunar and Nautical Tables*. 


oO f uM 
Moon’s horizuntai paraiiax........ 0 55 54 
Sun’s apparant altitude ........... 38 564— 
Moon’s apparant altitude ......... 1827 — 


Apparent distance ......+.. secocseee 106 53 44 
RPRET RED. Scaswisccsbonescecscddeceastint” MORO TEL 


Second arc..cscccccscocercesseseseooe + 4 54 38 
Third arc Seereeseeteeeteseeeseee + 2 55 


TRUE DisTANCE—Sub, 100 0G 14034 


Pro. Log. 0. 50786 Coe serceseorc esses eos 0. 50786 
Co-secant 0.20167 
Co-SeCant. .<+csssecanessheebsban-mgeenshehsiliaenanan 


Sine... 9.98083 Tangent...... 0.51738 
Pro. Log. 0. 69036 
SOSSHESSHSEHSEHS SSS HSS OSS EGE eee EEe Pro. Log. L. 52490 


METHOD I. 


By Krarrt, or Natural Versed Sines.—Vide Rules pp. 266 and 267. 


)’s app. alt. 18° 20’ and hor. par. 55’... 49 12 
Parts for-7” Of altitade O0d. ios. ccocevecees 9 
Parts for 54’ of parallax ...ccccccccsrseees f 51 


“ 


(XXX) evscescersenssesseeed( keke a 
4 


COCO ee eee see eee reese eseesseseeesserie+see 


Parts for sun’s app. alt. 39°.....+4. + 3 
Moon’s COLOCE OM ccc recececiesesccecocsccees 50 12 ease 
Oe aa ea Auxiliary ATC ceccevcecccscccsesscvses 60 9 23 
° ‘' © $um of apparent altitudes ........ . 57 23 19 
Sun’s apparent altitude ........... 38 56 29 Moon’scorr.(X XX.) + 50’ 12” +49 9 
Moon’s apparent altitude ......... 18 26 50 Sun’scorr.(XVIII.)+ 1 3 
Sum of apparent altitudes (A) ... 57 23.19 Sum of true altitudes ...eccccccoreee 58 12 28 
Auxiliary arc.........c00000 (B) oo. 60 9 23 180 
Apparent distance .,.......(C) ... 106 53 44 Sum of true zenith distances ...... 121 47 32 
RUSE ETA DTG. PS ccccenhecensseocssse . 117 32 42 Versed...62265 Parts for seconds ... 181 
SPP A ONO DS ces tesssickesecnse ee PAGE Versed O1TGG iy cocsevenss ow eseaeheeea ey Lm 
pun of Brand’ CO? siccje ese Seedeest. 167 BT Versed 0] 4566 csdcbecsbetcdecneadecsedthe tan 
Dt ot Band Ov 203..87iccececcscecs (40°44 721. Versed st 14008 . dcsncceceu,ceccsvuasbeiee nee 
Sum of true zenith distances ...... 121 47 32 Versed...26709 ..cccccccsesceees ete 
394 Sum of the parts ... 394 
° ‘ ” ee 
TRUE DISTANCE cccccccscccesee.ce 106 14 33. Versed...79705 
METHOD II. 


By M. Borpa, abridged by the Log. differences —Vide Rules p. 26%. 


Sun’s app altitude eeeree 38 56 29 Seeceeeeesegerceeseeresseseee 38 56 239 
Moon appr wtitadesc 1G 26°50) ..ccsscocucc ces doluceassasanl Lite ee 
Sum of app. altitudes... 57 23 19 Apparent distance ... 106 53 44 
Moon’s corr.+ 50° {2” +49 9 SUM cicrccvcccsdveosse oo 164470 3 Lopvditt aor me geee 
Sun’s corr. — 1 3 Half-sum...... wosecsece 82 8 314 Co-sine ... 9. 135822 
Sum of true altitudes... 58 12 29 Diff-ofdo.andapp.dist. 24 45 124 Co-sine ... 9.958142 
Half-sum ...s.sscesseeees 29 6 14 2)19. 091906 
Arc See eee eeSeereeeseteeeres 20 34 50 LON ieecdavns setddidescacews co testacrcavermiltcccatere 9, §45953 
Sum SPCC SHEESH A OCT OOELES 49 4l 4 SCOCHCSCCC CES SHES SHEHSESET HES BOB +E* nataen caged Cie LES eee 9. 810902 
Difference Tetssrencdedtes 1B BL 2A iia cecasnedstesnanssensa ses aes ceucessaseavess (r-GLi0. ann 
ociikas 2)19. 806079 
53 7 163 SOS Cee Coeees SOCSETe**eeeeee scobcesoetencee cudeiniea. tame 9, 903039 
x 2 BEG. 
True Distance ......106 14 33 


* These Tables may be obtained of the Author or Publisher, at 157, Leadenhall Street. 
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METHOD III. 
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By Wircue xt, requiring only Four Places of Figures.—Vide Rules, p. 268. 


2 z 


Sun’s apparent altitude. 38 563 
Moon’sapparentaltitude 18 27 


Sum of app. altitudes ... 57 234......Half Svusacbposgicsegpednstasite 

BPEPOTONES «css cenrssecesce 20 294.000 Half cs cocstwsavbuswsdoesscsses 

Apparent distance ..... LOG-65 44" Tali cee oiosc: cccsccancesess= ace 

First correction ......... spat) AZ ASR CAU Ri, ccbscctesocvtesets 
Diff cada ees Sibc teats he odats 

. 106 54 ae Sun’s apparent altitude ... 

Second correction ...... — 39 92° Sun's correction .......s0+e- 

106 14 34 First correction ............ 

‘Third correction ......... RET 52 (SUM sav osasohgeess sb opemabeens 


TRUE DIsTANCE ......106 14 32 


Moon’s apparent altitude. 
Moon’s correction ......+06 


Second correction ...-se0s. 


METHOD IV. 


° 4 


28 41 ...Costangent. 0.2619 
10 15 ...Tangent ... 9.2573 


53 27 ...Co-tangent. 9.8700 
13 46 ...Tangent ... 9.3892 


39 41 ...Co-tangent. 0.0811 
38 563...Co-tangent. 0.0925 
lV’ 3”...Pro.. Log...» 22341 


0 42’...Pro. Log.... 2.4077 


67° 13’ ...Co-tangent. 9.6233 
18 27 ...Co-tangent. 0.4767 
50’ 12”,..Pro. Log.... 0.5546 


39 52 ...Pro. Log ... 0.6546 


By Menvoza Rios, having no Distinction of Cases.—Vide Rules, pp. 268 & 269. 


° ‘ Ore £§ a 
Apparent distance ...... 106 54 ...Sine ... 9.9808...... 9.9808 Moon’s corr... — 50 12 
Moon’s app. altitude .... 18 27 ...Co-sine... 9.9771...... Second corr... — 21 
Sun’s app. altitude ....6. 38 564...Co-sine ...ccccrsceeeee so 9.8908 Fourth corr... — 16 
BME scictccaccccccccee 1LG4. 175 — 50 49 
Half-sum ....c...ss00-00-2. 82 9 ...Secant ... 0, 8646...... 0.8646 APP. distance. 106 53 44 
First remainder ......... 43 123...Co-secant. 0.1646 106 2 55 
Second remainder ...... 63. 42 ...Cossecant. cscscccssvesees 0.0475 Sun’s corr. ct 1. 3 
Sun’s correction ....... IL’ 37%...Pro. Log. ...cccccsceseee 2.2041 First corr...... + 10 20 
Moon’s correction ...... 50 12 ...Pro. Log. 0.5546 Third corr. ... + 14 


/ “ 


First Correction .ec.csses 


10 20 ...Pro. Log. 


Const.Log 9.6990...... 9.6990 
1.2407 P.L. 2.7168 


TRUE DistT...106 
Second corr. 21” 


Diff. of corrections ...... 39 52 arr Aa 
METHOD V. 
By Nonte’s Linear Tables.— Vide Rules, pp. 269 and 270. 
° “ 
Apparent distance ......-0. 106 53 44 
Correction for refraction...... -- 2 56 
Corrected distance .......c0 106 56 40...Sine .....seerwe G.9807... Tangent... 0.5162 
Sun’s apparent altitude ...... 38 563—...Co-secant ... 0.2017 
Moon’s apparent altitude ... 18 27 —...Co-Secant corrcerecceccescccsecccesccceenes 0. 4997 
Moon’s horizontal parallax... 55 54...Pro. Log.....0. 0.5079 ssccccoccseseee 0.5079 
First arc .....cccocsscecccesercee — 36 44...Pro. Log....... 0.6903 
Second arc Seereesersers senseeees raat 5 Deere tcad eee eee scdeasedondecesesn IO; Log. eee 1. §238 
Correction for parallax ...00. — 42 Jesssercecsscrecscesecceeree 42! gives 16” t 
Corrected distance .....4..... 106 56 40 Parallax in altitude 43 16, (See) 
106 14 33 55 
Third correction ere edeceveseses ids cdudbiinds Cpecea vdeccane erere eerereoseeecs 0 


TRUE. DISTANCE Wissscccecee’ I 


06 14 33 


Nw 
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To find the Mean Time at Greenwich. 


True distance (Method I.) ... 106°14’ 34” 
Distance at 0 hour by N.A.— 106 35 50 scesccccccscocecone Ald Pro. Lg. «- 0. 3162 


Difference Peeeeoeessse Geeeeseeses 21 16 eereee COosectocsecseere® Pro. Log. eee 0. 9276 
h.m. s onlay thy 
Proportional part Of tiMe .eveee O 43 5G cccccvccereccecseee éactes EIU Log. eee 0.6124 


Time of distance by N. A... 0 0 O 
Mean time at Greenwich...... 0 43 56 May 6. 
Or SOCKET SOEEESHHSSESHHHSESESHHEEOOD 24 43 56 May 5. 
To find the Mean Time at Ship, and thence the Longitude. 
Sun’s apparent altitude... 38°56’ 29” Sun’s declination, May 6, (p. II. N.A.)... 16°32’ 56”N. 


Sun’s correction(XVIII.) — 1 3 Correction for Oh. 44m. «....+ss0.e-.s-0 coe + 0 32 
Sun’s true altitude ...... 38 55 26 Sun’s declin. at Greenwich time...........- 16 33 28 N. 
90 
Sun’s polar distance ....ss.eseeceeeeeseeeeees « 73 26 32 
4 pee aS kess 
Polar distance ceccesseccee JS 2Z6deve CO-SCCANL cecccccecececerserece 0.01839 


Latitude eeereeeseseeseeeseoee 37 13 eee Sechntccstesescceneccceeoccssnces 0. 09889 
Sun’s true altitude ...... 38 553 


Sum eercetcoose aueseuvese wae 35 
Half-sum Seereresccseceoses 74 ATA vee Co-sine Cocvceresccses eeeererece 9, 41885 
Remainder Seovceeseoseesee 30 52 ece Sine POO HOHSOT EES OEE SEs COO FOD OES 9. 76782 


h. m. 8. —_— 


Time from noon «1... 3 33 18 Lg... seccccccereeieecorccccseces 9.30395 (XXXI.) 


24 
Apparent time at ship... 20 26 42 mM, Se 
Equation of time........ — 3 34 Equation of time May 6 by N.A. 3 33.36 
Mean time at ship ...... 20 23. 8 May 5. Correction for 44 min. ......004. - + 0.15 


Mean time at Greenwich 24 43 56 May 5. Equation at Greenwich time <... 3 as an 
Longitude in time ...... 4 20 48 = 65° 12’ West. : 


re 


EXAMPLE II. 

August 22, 1866, P. M. at ship, in latitude 27° 49’ S., and longitude 
by account 1°00’ E., when a chronometer (which was 2m. 30s. slow of 
Greenwich mean time) shewed 7h. 88m. 40s., suppose the distance of the 
moon’s nearest limb from the Star a Virginis (Spica) was observed to be 
87° 12’ 80"; at the same time the altitude of the moon’s lower limb was 
66° 45’ 10": and the altitude of the star (when westward of the meridian) 
24° 15’ 20"; the height of the observer’s eye 20 feet, and instruments 


properly adjusted: required the true longitude of the ship by lunar 
observation and chronometer. . 


h.m, s. oar, Gite 
Time by.Chron. ... 7 38 40 Ag.22. )’s semid. at noon 15 10 Hor. par. at noon... 55 34 
Chronometer slow + 2 30 Corr. for 7h. 41m. + 3 Corr. for 7h.41m ... + 12 
Mean timeat Green. 7 41 10 Ag.22. )’s sem.at Gr. time 15 13 Hor. par. Green. time 55 46 
° tA 4 °o ’ “ 
Obs.alt.)’sL.L. 66 45 10 Observed dist. ... 87 12 30 
> ae Dip of horizon, — 417 Index error ...... 0 0 
Star’s obs. altitude. 24 15 20 66 40 53 ea 
Dip of horizon...... — 4 17 - p’saug. semid. +4- 15 28 )’ssem. 15 13 4.15 28 
es —— Aug(VII)+ 15 


Star’s app. altitude. 24 11 3 >’s app.altitude 66 56 21 Apparent dist.... 87 27 58 
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“Lyon’s Metuop zmproved,” by Coteman’s Lunar and Nautical Tables.* 


/ a 

Moon’s horizontal parallax eeerecsee 0 55 46 Pro. Log. 0. 508390 Cee eoaseesercessrs cee 0. 50890 
Star’s apparent altitude..........00... 24 11 — Co-secant 0.38758 

Moon’s apparent altitude ............ 66 56 — Co-secant .......00- ca ecccccvovccccens eevee 0.03618 
Apparent distance .....sceesceses eevee 87 27 58 Sine...... 9.99958 Tangent... 1.35415 
First arc .:...0.cces0e Scavieey coda pat + 437 8 Pro. Log. 0.89606 

Second AIC ceccceveccccccesce coors oo 5 “- 1Gtieesss eeosrees Se eeeresceeses tenses Pro uog. I 89923 
a a! A nnndpeisci de cone -|- wai tenes See 
True DistancE—Sub. 10° ...= 87 9 50 


METHOD I. 
By Krarrt, or Natural Versed Sines.—Vide Rules, pp. 266 and 267. 


“7 


)’s app alt. 66°50’ and hor par.55' = 21 4 


Parts.for 6’ of altitude......cccccsccssee-ee + 5 
Parts for 46' of parallax ....00....c2.es00e + 18 
DE MUMIETOOGION scccpcccssscccessevesces, 2h 27 

° ‘ u“ 
Star’s apparent altitude......ceee-+ 2411 3 
Moon’s apparent altitude ..... se 66 56 21 
Sum of apparent altitudes (A)...... 91 7 24 
Auxiliary arc....... pantnass- (15) sc000. 60 28 30 
Apparent distance........ (C) ...«0. 87 27 58 


BREE IR DTIC cP cocaveccsd <encsceccesesl Ol 3h 54 


BEE PR ATIC, Db cccoe cccccececesac passe tOU vats 


Sum of B and C......... 147 56 28 


Diff, of B and Gremcecccecarociancccece 26 59 28 
Sum of zenith distances............. os DOL LL 
°o { ao 


MITE DISTANCE <2-ccccsesscccssorvce OF 9 '49 


54° 


awe AS f, 
(XXX) coe sesceccencassoscccee( MX) 60 28 5 
erreeeesee SOSH SSSSEHSSESES ETS SELES EsSESEEEESE + 1 
SPL veeWdUGi Nees vadcocksesPecereeereesondesees + 24 
Parts for star’s app. alt. 24° . + 0 
AUXINATY ALC c.cccscseessness secesseesee 60 28 30 
Sum of apparent altitudes........0.+. 91 7 24 
Moon’s corr. (X XX.) + 21’ 27” 19 21 
Star’s corr. (XVIII) — 2 6 Rldbapseetiaas 
Sum of-true altitudes .....csec.es00. DL 26 45 
180 
Sum of true zenith distances ...... 88 33 15 
Versed... 79510 Parts for seconds.. ae RR 
Versed... 39554 = ......0 ssdadusunsseteae . 134 
Versed... 47431 idecdeteceetey 
Versed... O8861  .......see000 acissdescsent) OO 
Versed... 74695  ssc.cacossecese obsceiare _ 73 
467 Sum of the parts... 467 
Versed... 50518 


METHOD II. 
By M. Borpa, abridged by the Log. De te Rules, p. 267. 


Star’s app. altitude...... ae Ey D7 cis cuetabersh guteavsatenesiugie CASA: LO. 

-Moon’s app. altitude ... 66 56 21 © ....c..0. cscscccecces coosesese 66 56 21 

Sum of app. altitudes .. 91 7 24 Apparent distance...... 87 87 27 58 

Moon’s corr. 21' Ea + 19 21 DUEL isives cuesanvese Spanstee 178 35 22 Log. diff... 9.993698 
Star’s corr. — Bl alfi-mtirniinss.s tests cor’ . 89 17 41 Co-sine ... 8.090227 
Sum of true altitudes 2) 9] 26 45 Diff. ofdo. and app. dist. 149 43 Co-sine ... 9.999779 


Half SUM coe cosveccoccccoes 45 43 224 
Arc @ecescceoseee eeesevessee 6 19 19 
Re. .e O262-414 


Difference Sveseseecesorss 39 24 33 PYTETITITELERIET TT ETT rer 


° , “7 

43 34 54} ... 
sk 

87 9 49 


TRUE DISTANCE oeoree 


eeeeeerrere 


2) 18. 083704 


Neeeaetishapate -ahenritbassaecace *Peemnasness ia Litt atena 9. 041852 
Ra ea ree eo Co-sine ... 9. 788906 

. see-e. Co-sine .. 9. 888024 

2) 19. 676930 

Peediteatetected ee’ engaseosecs DING secrenn once 


Me © These Tables may be obtained of the ‘Author or Publisher, at 157, Leadenhall Street. 
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METHOD III. 


By WircHE.t, requiring only Four Places of Figures.—Vide Rules, p. 268. 


° , 


Star’s apparent altitude. 24 11 


Moon’sapparentaltitude (6 56 Osu 
Sum eeeeesceeeresegeeseeeeres 91 q covcseFlalf SOSeeeEOSOoeresoereossesege 45 334...Co-tangent . 9.9915 
MOIRETENCE | )».4050say0 0-00 42740 tices. Half. Jvcsccovsscveapacccssoncss. 21 22 hves 1 AUPONE ane eee 
Apparent distance ...... OF SG ETRE ese cet cceccesecseaceae -- 40 44 ...Co-tangent. 9.0192 
PINGE COTLOCLION \socesese SE 72.” OD TOGA Late cnceadsdeUhisceecssns 21 513...Tangent ... 9.6033 
8739 3 SUM eccccccccssscerseccceseseee 659 354...Co-tangent. 9. 6569 
S a : 7 20 14 Star’s apparent altitude... 24 11 ...Co-tangent. 0.3477 
NT NS a ion 6) Star’s correction ............ 2’ 6”...Pro. Log.... 1.9331 
peso gk 8 
87 9 49 First correction ......e00. 2 5 Pro. Log.... 1.9: 9377 
Third correction ......... — 0 Difference Lowes . 21°524'...Co-tangent. 0.3963 
[es a ODN & apparent altitude. 66 56 sxc C0e -tangent. 9.6293 
TRUE DisTANCE ...... 87 9 49 Moon’s correction ......... 21! 27”...Pro. Log.... 0.9238 


Second correction ...-..... 20 14 ...Pro. Log ... 0.9494 


METHOD IV. 


By Menvoza Rios, having no Distinction of Cases.—Vide Rules, pp. 268 § 269. 


& ° ‘ ° Uj a 
Apparent distance ...... 87 28 ...Sine ...... 9.9996...... 9 9996 Moon’scorr— 0 21 27 
Moon’s app. altitude ... 66 56 ...Co-sine... 9. 5931...... Second corr... — 1 
Star's app. altitude ...... 24 11 .,.Cocsine ...ccccoseseses se 9.9601 Fourth corre = 0 
UIE h eancons caveveavalwees (Agi BO — 0 21 28 
Half-sum s.ecccsscsserceeeee 89 17}.-.Secant ... 1.9029...... 1.9029 APP- distance. 87 27 58 
First remainder ......... 65 65...Co-secant. 0.0423 87 6 30 
Second remainder ...... 22 214... Corsecants ...cosccesscese 0.4197 Star's corr... +) 28 
Star’s:cOrrection ..ccaccee 2’ GM sue Pro. Loge ..rccccsesecsse 1.9331 First Carricssgs se pee 
Moon’s correction ...... 21 27 ...Pro. Log. 0.9238 Third corr. ... + oe 
. r «a  Const.Log 9.6990...... 9.6990 True Dist... 87 9 Sl 
First correction ......... 1 15 ...Pro. Log. 2.1607P.L. 3.9144 Second corr. 1” 
Diff. of corrections ...... 20 12 cheidien 


By Nortr’s Linear 


METHOD V. 
Tables — Vide Rules, pp. 269 and 270. 


° Ul ” 
Apparent distance .......-... 87 27 58 
Correction for refraction...... -+- 2 30 
Corrected distance ...... seoeee 87 30 28...Sine ...0.,00000. 9.9996... Tangent... 1.3613 


Star’s apparent altitude ...... 
Moon’s apparent altitude ... 
Moon’s horizontal parallax... 


24 11 —...Co-secant ... 0.3876 
66 56. —...Cocsecant scissdietoaeivabeoscsas exauken en 0. 0362 
56.46... Pro. Log. .....0th 5089 cob ssanquecteue: Ala vue 


WirRE Meese Sisco ton ccbdac tad. 2oes MOBS Br: Tras 0. 8961 

Second arc secsecseceeresererere fr 2 Wb seeree 0 sereeceeeretenrcnnees Pro, Log. ... 1. 9064 

Correction for parallax ...ce — 20 BB.crcccegeceerecscecenseeees 21’ gives 0” 

Corrected distance ........... 87 30 28 Parallax in altitude 22 0 , (ASS) 
87 9 50 _ 


Third correction ....sececsesses 
TRUE DISTANCE ccctcsceeces 


87 9 50 


ig token cévesccacit Seeteert*egeeeresse oes 0 
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To find the Mean Time at Greenwich. 
fe} ‘ “ 


True distance (Method V.)......006.. 87. 9 50 
Distance at VI. hours by N. A..seeee 86 17 22 ooeveeee.. and Pro. Log 0.2815 


—ons 


BPEIGTONEB ioc oss05s si laiasescercscsveeress) 052/28 ‘veccsesdacsessnceet PLOLUOg 0.5354 


Proportional part of time....... cobaeaes 1 40 19 .....cccesccseseee Pro. Log 0.2539 
Time of Distance by Naut. Alm. ... 6 


— —_—__—. 


Mean time at Greenwich ............ 7 40 19 Aug 22. 


ooo 


To find the Mean Time at Ship, and thence the Longitude, by the Lunar 


Observation and Chronometer. 
orci eee ht Wie a 
Star’s apparent altitude ......... 24 11 3 Star’s right ascension, January 1860, 13 17 49 
Star’s corr.(XVIII.) ........... — 2 6 Ann.var.+3s. 15X6%=21s, 00=... + 21 


= a 


Star’s true altitude ............ 24 857 Star’s right ascension, August 1866, 13 18 10 


h. m. s. Ore ie ae 


Sun’s right ascen. (p. II. N.A.). 10 4 59 Star's declination, January, 1860 ... 10 25 44S. 
H. diff. 9s, 227 X 7%h, =70s.73= + 111 Ann.var.4+ 18”. 96X63=124”".40=> + 2 4 


Sun’s R, A. at Green. time ...... 10 6 10 Star’s declination, August 1866...... 10 27 48S. 
_——— 90 


Star’s polar distance...cccccrccsccccesees 79 Sa: 12 


° / ——y 


Star’s polar distance ...... 79 32 ws... Co-secant... 0.00729 
SUR MMEITMAG > (25. .5.50050. 27 49 os. .005 Secant ... 0, 05333 
Star's true altitude......... 24 9 


MUU sb vu wccascccesessex 131.30 
UME MNRIND, « caccccccceccctecs ac GO 45 oie. Co-sinte — 6. 9261355 
RMEMEETINOE Sa bcccasucceccesse 41 BG tc ics SING seccecene, 0. O2212 


h.m. s. 
Star’s dist. from merid. 4 32 25 W...Log ...00... 9.49629 (XXXI.) 


Star’s right ascension. 13 18 10 : 
Sere Equation of time, (p.1.N.A.) ...... 2 43.39 


- Right ascen. of merid. 17 50 35 Hourly diff. 0s. 334 K 8%  ...eeeereee — 4.8] 
Sun’s right ascension. 10 6 10 

8 aE Equation at Greenwich time ......... 2 38.58 
Apparent time at ship 7 44 25 
Equation of time ...... + 2 39 


h. 
Meantime atship ... 7 47 4 Aug. 22. wcccccscscccccecscees Rapreseees GAs j 
Mean time at Green,. 7 40 19 Aug. 22. Mean time by chron. 7 


— 


eee eno by bet Ween Pia! 16. Long.intimebyChro. 0 5 54=1 28 SOE. 
lunar observation 


Note. The star’s right ascension and declination may be taken from the Nautical 
Almanac answering to the given day, or the nearest one to it, by which the time and trouble 
of computing the star’s position (as worked above) will be saved, viz.— f 

. m & 
* Spica’s right ascension, page 361 of Nautical Almanac, Aug. 22... 13 18 10 
* Spica’s declination, page 361 of Nantical Almanac, Aug. 22........, 10°27’ 46” S. 
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EXAMPLE III. 


June 20, 1866, in latitude 41° 27 N., and longitude by account 
13° 00’ KE. about Th. 30m. P.M. mean time at ship, suppose the angular 
distance of the moon’s remote limb from the centre of the Planet Venus to 
be 69° 59’ 40”, at the same time the altitude of the moon’s upper limb was 
43° 30’ 15”; and the altitude of the planet’s centre 21° 32’ 20” (westward 
of the meridian) ; the observer’s eye being 30 feet, and the instruments 
adjusted, except the sextant, with which the distance was taken, the error 
of it being 2’ 15” to add: required the true longitude of the ship 


h.m. ‘ a“ (a 

Time at ship ... 7 30 June 20 )’shor. par. at noon.... 55° 0 )’s semidiam. at noon.. 15 1 
Long. in time... — 52 E, Corr. for Gh. 38m. (LV.) — 9 Corr. for Gh. 38m. (LV.) — 2 
b] + 2 O 

Greenwich time 6 38 June 20 )’s hor. par. Gr. time .. 54 51 }’s semid. at Gr. time . : Boks 
or uw o 4s uw Observed dist. R.L. 69 59 40 

Venus’ obs. altitude... 21 32 20 Obs. alt. moon’s U.L. 43 30 15 Index error, toadd. + 2 15 
Dip of horizon ...... — 6515 Dip ofhorizon...... — 515 70 01 55 


43 25 00 »’s mar = 
Moon’s semid. aug.. — 15 10 Moon’s aug.+ 11 15 10 


Venus’app. altitude.. 21 27 5 
Rilke ae Moon’s app. altitude. 43 09 50 Apparent distance .. 69 46 45 ~ 


“ Lyon’s METHOD improved,” by CoLemAn’s Lunar and Nautical Tables.* 


Moon’s horizontal parallax .......... 0 54.51 Pro Tiog. 0.51610... «= be +505 abn ae eee 

Venus’ apparent altitude..........+. 21 27 — Co-secant 0.43689 

Moon’s apparent altitude............ 43°10) -., Cossecant . 0.00 Ses neu pace se P bn Umea ene 

Apparent distance.....eseeeee ceeee 69 46 45 Sine.... 9.97239 Tangent........ 0.43385 
ee iret ares. 6s es swe sedives ile Bew's + 4 38 38 Pro Log. 0.92538 

BIOCOME BUG 6 oes e avs d's'e Seceepenes $6 13 49 eccccccccwcccsccccucssesse ETO LOGs Ldnsoa 

DITOSALC TS ks tetas hs Gees ss Weis eiere + 1 52 a 

SumM lessened by LA pile EI ee 69 41 4 

Correction for Venus’ parallax .... — 4 


WRU ROLISTANCE (.cc.cisces cc eccc MmOOLIIETO 


METHOD I. 
By Krarrvr or Natural Versed Sines.—Vide Rules pp. 266 and 267. 


Moon’s app. alt. 43° 10’, and hor. par. 54’ = 38 12 (XXK.). cccvescsace soo (ARR) 60 20 20 
Parts for of altitude ...... VSR oes e nes te 10> cccncceccnenesctevdstcvccasesevren + 0 
Parts for 51% of parallax. 0.00sacssensc fe ST asp cascecsinee vast on space ma seme + 21 
Moon’s correction ......e.see005 wecsee 35 59 Venus’ alt. 21° and hor. par. 6” (L) .. ——— 
Refraction for Venus’ alt. (XVIII.) ieee ek 2’ 94” Auxiliary ATC. ce vee eveccssseeceneese 60 20 42 
Venus’ parallax in alt. (XLVIIL).... + 6 4 Se 
’ : 6 1a Sum of apparent altitudes .......... 64 36 55 
larity correction «bir es Oh ta anit : : 18. Moon's corr. (KXX) + 38/59 an 
Ait Le oer ea aietSiklb/e'o 018 at 21 a 05” Venus’ correction.... — 218 f** i tl 
i er ay pan uae he "eh gree ee Sum of the true altitudes............ 65 13 36 
Sum of apparent altitudes (A)........ 64 36 55 180 
Auxiliary arc ...--se+ee (B)eseeeeee 60 20 42 ‘aa, ——— 
Apparent distance ...... (C)..+.--++ 69 46 45 Sum of true zenith distances ....... es 
Sum of A and B........sssesseeeeee 12d 57 87 Versed.. 72861 Parts for seconds .. 148 
Diff of Aand B...... ae a papsed A IGcER ee crvege~ | 0217 + nace» ses ater a 
Som'of B and’C.\.". nse. vases aes ASOT BE) rere h Sasso fr hrs enee een saee¥s 100 
Diath of Binnd Cisse. ova s vod seca se wD 268 hate oh I3523 veces ee eeeee seeree 2 
Sum of true zenith distances ........114 46 24 ersed., 18924 ........ % Rt eras __106 
ales es 361 Sum of the parts .. 361 
True. Distanor:).6Hs. ater .. 69 49 59 Versed.. 52786 


* These Tables may be obtained of the Author or Publisher, at 157, Leadenhall Street. 
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METHOD Il. 


By M. Borva, abridged by the Log. differences.—Vide Rules, p. 267. 


°o ” ° ’ 
Venus’ app.altitude ... 21 27 5 wees pg Nth a eR? ar ST 
Moon's app. altitude ....43 9 50 | ..c..cccccesedsaccecse - 43 9 50 


. ———— Apparent distance 69 46 45 
Sum of app. altitudes ... 64 36 55 
Moon’s corr. + 38! is t+ 36 4} SUM .¢ scccsccedseveaslG4 23 40 cee 


—$—$—_ 


Venus’ corr. — 2 18 Half-sum ...... wee uee 67 EL SUhrees 
————._ Diff.ofdo.&app.dist. 2 34 55 ... 
Sum of true altitudes ... 65 13 36 


Half-sum Peeccereserse-eerece 32 36 48 


Arc seerereseseervese eerereeoe 38 14 273 POSES SOH HOSES HHS FEOH OOH OOH EES OOK OSESES OOD 
sum Seecevssersereseaaee eceoe 70 51 153 POSH SHHHSH SHH EHTEL OTHOOSOHOS EHS EBEEEE EEO 
Difference eeeeeerecese+e® 5 37 394 aeeeeeereroer eae oereeee SASSO SOB eeesee ste See 
Gs, “7 
34 50 29 Peoeseerese @erteeeeseesees @veseeoessesessege 
ne 


a ee 


TrueE DISTANCE ...... 69 40 58 
METHOD V. 


Log. diff.... 9.995442 
Co-sine..... 9. 588339 
Co-sine...... 9.999559 

2) 19. 583340 


Sine ....e.06. 9.791670 


Co-sine...... 9.515836 
Co-sine...... 9. 997002 

2) 19. 513738 
Sine Seesvetoee 9, 756869 


By Norte’s Linear Tables.—Vide Rules, pp. 269 and 270. 


° t= é 


Apparent distance ......... 69 46 45 
Correction for refraction... + 1 48 


Corrected distance ...ecce 69 48 33...Sine .eoceeeee 9.9724 ... Tangent... 0.4344 
Venus’ app. altitude....... « 21 27 = 5,..Co-secant... 0.4369 
Kiloon’s app. altitude ...... 43 9 50...Co-secant .cccccccccccccecsccscsscsccces -- 0.1649 
Moon’s hor, parallax ...... 64 61...Pro. Log. ... 0.5161 ........scceccee®™ OCOLGE 
DEEEIRIE Dc sncsorsceccssutcscdve — 21 22...Pro Log. ... 0.9254 
Second arc......cecceceessesees + 13 48....... Os ecceccccecceseccccconces Pro. Log... 1. 1154 
Correction for parallax...... mT Bo. ccrcccst¥eetusiserecescacs 8’ gives 0” 
Corrected distance .....0+0. 69 48 33 )’s parallax inalt....40 , 5 (XXXV.) 

69 40 59 rity 
Third correction ...--- see Be veveee aukaey pacessdeccdoes eb asnbieas oat Oe 

69 41 4 
Corr. for Venus’ parallax... Oe 
TRUE DISTANCE eescoree 69 41 0 

To find the Mean Time at Greenwich. 
True distance (Method V.) ...... 69°41’ 0” 
Distance at VI. hours by N. A... 69 24 11 ......ceeeees .-...and Pro. Log.... 0.3463 
Difference pee aesececceseses eoercescsesoos 0 16 49 Sop eeevcereesseses aes ain Pro. Log. +o Me, 0295 
h m. s. 

Proportional part of time .......0. 0 37 20. 2...dcccsseseserccc.ee, Pro, LOg.... 0. 6832 


Time of distance by Naut., Alm... 6 
Mean time at Greenwich ....,.... 6 37 20 June 20. 
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To find the Mean Time at Ship, and thence the Longitude. 


Venus’ apparent altitude ............ 21.27 6 
Refraction (IV. or XVIII.) ......... — 2 24 

21 24 41 
Parallax in altitude (XLVIII.) ... + 6 
Venus’ true altitude ........c.0-.0e- 21 24 47 


To find Venus’ R. A. at Greenwich Time. 


h. m. s. 
Venus’ R.A. June 20, 8 1 35 
Venus’ R.A. June2l, 8 6 40 


ps 


Variation in 24 hours 5 5 Log. 0.6741 


\ (p.261,N.A. 


Greenwich time...... 6h.37m. Log. 0.5596 
h. m. s. Ser 
Variation in 6h.37m. 4+ 1 24* Log. 1.2337 


ee 


Venus’ R.A.June20, 8 1 35 


eres ee 


Ditto at Green. time 8 2 59 


Equation, June 20 (p. I. N. A.) 


Hourly difference -++ 0s.54 X. 6h. 37m. 


Equation at Greenwich time...... 
°o ‘ 
Venus’ polar distance......... 67 47 
BLIP ® LALIRUUG. case ctapect oken as AL27 as: 
Venus’ true altitude ......... 21 25 
SUITE ow aivewadtaseteabsnanss tes .-.130 39 
Pl MUNE och vase tts ves osnne viene 65 194... 
BLAIDBIDUGE of cansscvscsdvasssttss 43 543... 
h.m.s. 
Venus’ meridian distance... 5 21 53 
Venus’ right ascension ...... 8 2 59 


Riyht ascension of meridian 13 24 52 


Sun’s right ascension... ..... 5 56 12 
Apparent time at ship ...... 7 28 40 
Equation of time ............ + 1414 
Mean time at ship ............ 


Mean time at Greenwich ... 


h m. s. 
Sun’s R.A., June20. (p. i a 555 3 


+ 1 9 
5 06 12 


Hourly diff. +- 10. 40 X : 37 = 


Sun’s R.A., at Greenwich time ... 


To find Venus’ declin. at Greenivich time. 


° / “ 


Venus’ dec. June 20, 22 16 43. N. 
Venus’ dec. June 21, 22 2 30 N. 


14 13 Log. .227« 
6h.37m. Log. .5596 


Variation in 24 hours 
Greenwich time 


eeccee 


Variation in 6h. 37m. 3 55+ Log. .7870 
Venus’ dec. June 20, 22 16 43 N 


eed 


Ditto at Green. time. 22 12 48 N. 
90 


Venus’ Polar distance 67 47 12 


m.s. 
AT ae doa dias eas kaaeaee 1 10 53 
= + 3.60 
ral Cates PUMA hepeiateee 1 14.13 
= Coasecalite...+ike- 0. 03350 
iM SCOTS . ccccccakeat 0. 12521 
5. CHG-BINO 1 ei ecans 9. 62062 
PP yh (sean 5 or ye 9. 84104 
Vite ates | Seer eee 9.62037 (XXXII) 


7 29 54 June 20. 
6 37 20 June 20. 


Longitude in time ............ 0 52 34 = 13° 8 30” East. 
Note. Or the variation of Venus’ right ascension and declination, may be more readily 


found for Greenwich time, thus :—viz. 
* Var. of R.A. for 1 hour (p. 309. N.A. 
t Var. of Dec. for 1 hour (p. 309, N.A 


} 


is 12s.75 X 6h. 37m. = 858.00. Corr. for R. Ascen. 
is 34”.9 X 6h.37m.— 3/ 53” Corr. for Declin. 


~ 
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EXAMPLE IV. 


August 14, 1866, in latitude 45° 38’ N., end longitude by account 
8 vo 30 W., suppose the following sets of altitudes and distances were 
observed at about 11h. 10m. A. M. (civil time) at ship, in order to deter- 
mine the true longitude; the corresponding times being taken by a 
thronometer, which at the time of observation was 16m. 20s. fast for 
mean time at Greenwich, and was gaining 14s. per day; the height of 
the observer’s eye being 20 feet, and the error of each instrument 
respectively, as stated below. 


Times by Chron. Obs. alts. ©’s L.L. Obs. alts. )’s U.L. Obs. distances, 


h. m. s. Ont ta lee eat oO. Ft 

7 14 20 56 20 20 17 49 5 50 29 10 

15 45 25 30 18 2 25 30 00 

UY Gal 20 55 18 15 30 3L 00 

*18 30 35 40 18 28 35 31 35 

1Y 55 40 55 IS 41 55 32 25 

5) 85 45 5) 153 20 5)91 17 30 5) 154 10 

MEANS Ma sksicsh hicintace 1 f 17.9 56 30 40 Is 15 30 50 30 50 
Chronometer fast ...... — 16 20 + 110 — llv + 30 Errors. 

Mean time at Greenwich - 

eeu ag } 7 0 49 56 31 50 18 14 20 50 31 20 
babel «i / 24 
Moon’s hor. par. at noon, Aug. 14...... 55 30 Moon's semid. at noon, Aug. 14 vc aurndouso 
Ditto at midn. Aug. 14...... 55 13 Ditto atmidn. Aug. 14 ...... 15 4 
Bereremce im IZ HOUS cccscreccssceces 17 Difference in 12 hours ............ fae 5 
(Table LV.)........12h. : 17” :: The: — 10 (Table LV.) ........ 12h. : 57 :: Tha: — 8 
Moon’s hor. par. at noon, Aug. 17 .... 55 30 Moon’s semid. at noon, Aug. 17 ...... 15 9 
Ditto at Greenwich time.... 55 20 Ditto at Greenwich time...... 15 6 
° tA “ o , LA °o / a“ 


Obs. alt. sun’s L. L. 56 31 50 Obs. alt. Moon’s U. L. 18 14 20 Observed distance.. 50 31 20 


Dip of Horizon .... — 417 Dip of Horizon...... — 417 Sun's semidiameter. + 15 50 
_ —-—  )y’s semid. bes }+ 15 11 
56 27 33 1810 3. )’saug.(VII.)-+ 5 

Sun’s semidiam.... + 15 50 Moon’s aug. semid... — 15 Il 


Apparent distance.. 51 2 21 


ee 


’ Sun’s app. altitude... 56 43 23 Moon’s app. altitude.. 17 54 52 


**Lyon’s METHOD improved,” by Coteman’s Lunar and Nautical Tables.* 


° ) a” 
Moon’s horizontal parallax ........ 0 55 20 Pro. Log. 9, 51229, wnercccccccerse 0.51229 
Sun’s apparent altitude ............ 56 43 23 Co-secant 0.07777 
Moon’s apparent altitude .......... Lf. 54.52.5 Co-secapiaicss.csssensbacccessse sss 0. 51197 
Apparent distance ........ ....... 51 221 Sine .... 9.89074.......Tangent.. 0. 09224 
First arc @eeereeseeoseseseeoeeoesen + 4 0 30 Pro. Log. 0. 48080 
PROMMITILCALE CI cl tc cc's os ceis.c a's © Pare wel bt BC | | er apaneeeaepadee aa Vaab eases s LAURER Csas Seer eee 
Third arc ..ccesscevsccccsescses 2 20 cme ET 
True Distance—(Sub. 10°) = 50 18 57 


* These Tables may be obtained of the Author or Publisher, at 157, Leadenhall Street. 
Oo 
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~ METHOD I. 
By Krarrt, or Natural Versed Sines.—Vide Rules pp. 266 and 267. 


D’s app. alt. 17°50’ and hor. par. 55’... 49 16 (XXX) sccccccccssorscscesseereee(M&X*) 60 8 50 
Parts for Bi. of altitude ded @eecececeses aa 9 SOSH SESSOSSEEOSSOES CHOSSES FEE eccoecsesagsesees a 3 


Farta tor 20° of. parallax.....ccssssscscses “f°, 19 . deccscvesees wine do dpoplank We anblel cs ah aude “i + 4 
Parts for sun’s app. alt. 57° ....eee0e + 4 


MMGOn'S COTrectiOon .3.iseses ccvececscsccccese 49 44 Auxiliary arc cscssscosssccoscossecensens 60 9 1 


u” 


o +s w# Sum of apparent etaaee ox caSenamana 74 38 15 
Moon's apparent altitude ..... sesseee 17 54 52 Moon’s corr. (XXX.) + 49° 44” + 49 ll 
Sun’s apparent altitude......... .-e.. 56 43 23 Sun’s corr. (XVIII.) — 9:33 
Sum of apparent altitudes (A). Lane “74 38 | 88 15 Sum of true altitudes... ... eoece eeeeces 75 27 26 
Auxiliary arc . ccccsssccecee (B) cooese OUT cae 180 
Apparent distance «...e0006 (C) ss... 51 2 21 Sum of zenith distances......---e0eee-104 32 34 
Sum OF APRUGGD. ‘Seccennsst sccocceeeee 134 47 16 Versed... 04428 Parts for seconds 55 
Diff. of A and B. ......... Coakwenestan ]4 29 14 \Versed...: 31 7B0. sti sandens onnecdebeus 16 
Sum of B and C.  sssceseccccececeereeel IL VL 22 Versed... 61353  .sseereeessereeeeeeees 100 
Diff. of B and C. Coecocseersecevess+eon 9 6 40 Versed... 12586 eer eocece Peescessce res ace 
Sum of zenith GistaNcesS.ccccccecceecrel Od 32 34 Versed... 50943 PTU TITEL LTE tt 1€0 
oe 364 Sum of the parts 364 
TRUE DISTANCE ccccocrescccscsceseee 1S 18 59 WVersed... 61454 
METHOD V. 
By Norte’s Linear Tables.—Vide Rules, pp. 269 and 270. 
°o ‘ “ul 
Apparent distance ........ 51 2 21 
Correction for refraction... + 2 14 
Corrected distance ...... cco 51] 64 = -B5...Sinececscvseceee 9.8910 ... Tangentse.... 0, 0928 
Sun’s apparent altitude ... 56 433 —...Co-secant .. 9.0778 
Moon's apparent altitude... 17 55 vA Cocecantisicestecdle a -esccepescecceeeee O, 5120 
Moon’s horizontal parallax. 0 55 20...Pro. Log. 2. 0.5123  ....0cccccsercscoves 0. 5129 
PITRE BLE Gicevsrispunssactnesse . — 59 27...Pro. Log. ... 0.4811 
Second arc coccccccesccesccoceee fo 13 4G.2.....0. 000008 socscseveceeccccoccsers PLO. LOG... 1. 1171 
Correction for parallax...... — 45 pee. caasew vehubdiadeahnn Tacs 46’ gives 1B 
Corrected distance ...... - S51 4 ..Parallax in altitude 52 9 | (XXXV.) 
50 18 3 
Third correction eecee e@reecese aa ih ccceuaeviocheb uns aueunsunlboncandaentaue 4” 
TRUE DISTANCE  ceccesees 50 18 57 =i 
Distance at VI. h. by N. re 49 50 42 cabsoscdedebebssreece searceckce: aie Pro. Log... 0. 3246 
Difference COCO SSSESEOS EO OSE TOS 28 LGicsecesas POCCCE SEE SCOT SES OHEr Hee oEEEOS Pro. Log... 0. 8043 
h, m. s. 
Proportional part of time... © 59 39.....ccccccccccrcesccccccccece eoveetes Pro. Log... 0.4797 


Time of distance by N.A.. 6 
Mean time at Greenwich,.. 6 59 39 Aug. 14. 


24 
Ditto : BIPECCI Sn ce cerascvens 30 59. 39 Aug. ene 


The sun being too near the meridian at the time of taking the distances 

. to infer the time from its altitude, the following observations were made 
at about 3h. 30m. P. M., mean time at ship, in order to determine the 
error of the chronometer at the meridian of the ship; the latitude being 
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then 45° 2’ N:, the longitude by account 117° 18’ W., the height of the 
observer's eye "20 feet, and the error of the sextant 1’ 10" to subtract : 
required the longitude ‘of the ship, by chronometer and lunar observation, 


when the altitudes were taken. 


Times by Chro. Obs, alt. ©'s L. Ls 


Chron. fast for mean time at ship... 


Time by chron. when dist. was obs.. 


23 11 36 


Mean time of obs. distance at ship... ditto, 
Mean time at Greenwich when the : 
distance was taken .......ecesecee 30 59 39 ditto, 


h. m. 8. EE laf 
11 35 15 37 O10 Sun’s declin. Aug. 14 
3610 364645 — (fromp. II. of N.A.) } 14 22 25N 
37 15 36 30 30 Hour. diff. 45a LITLE — 8 45* 
38 5 36 18 35 Tr 
39 10 36 2 20 Sun’s dec. at Green. time 14 13 40N 
5) 185 55 182 38 20 : — 
Pox —— Sun’s polar distance...... 75 46 20 
Mean of times by chronometer. 11 37 11 36 31 40 ee 
Chronometer gained in 44 hours — 2 — 110 Index error 
mig erent a ws tow 
Mean time by chron.when®’s : * 
ag een when Gs an 37 9 3630 30 Corr.for 11h. 2Im.(XXI)— 8 57 
Chron, fast when dist. was obs. — 16 20 — 417 Dip of horizon. 
Mean time at Green. by chron. 11 20 49 36 26 13 
re m. 8. 
Corr. (Table XVIII.) ...... — 110 Equation of time Aug. 14 4 27.94 
Speman” (from p. I. of N.A.) ... : 
36.25 3 Hour.diff.—0s.46X%1l]th=— 5.21 
Sun’s semidiameter ..... ... -- 15 50 ee 
— Equa. at Greenwich time... 4 22.73 
Sun’s true altitude ......... 36 40 53 emer 
ie) f 
Sun’s polar distance ......«. 75 46}...Co-secant... 0.01353 
Ship’s latitude eerreessesoentee 45 vA »- Secant eeeere 0. 15077 
Sun’s true altitude ......... 36 41 
Sum ereee~ eeeeeeseoos @eeseereroes 157 294 
PAOL RI. et etwv ences > dspsenee 78 45 ...Coasine...... 9.29024 
Remainder eeeeee eeeeeeeeeosess 42 4 ee Sine erveteses 9, 82607 
h.m. s. Carey ae 
Apparent time at ship ....ccccoccocee 3 27 1B rescoceeeLsOg veoveesee 9.28061 (XXXI.) 
Equation of time eoeee Peervevecesrevces 4 4 23 oe aoe SSD - 
es h.m. 8. 
r Mean time at RUN ccxecaseccwans @veoseoes 3 31 36 Aug, 14 eeeeescoe seeeete 5° 31 36 Aug. 14 
Mean time by chron. when the Mean time at 
above altitudes were observed AL Green. by chron. ... Ll 20d aie 


8 5 3g Long. in time by chr. 749 1= 117 18 IsW. 


3117 9 past noon, Aug. 13. 


Aug. 13. 
Aug. 13. 


Longitude in time when the nate T 7 48 3 117° 0' 45” West. 


error of chronometer was found 


Nore. 


The above being the longitudes deduced from the chronometer 


and lunar observation, at 3h. 31m. 36s. mean time at the ship, August 14, 

that is, when the altitudes for time were taken, they may be reduced to 

noon, or any other time of the day, by the log. 
Oo2 
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Thus, suppose it were required to find the longitude of the ship when 
the distances were observed. By comparing the longitudes by account at 
both observations, it appears that the ship has made 12 miles of longitude 
to the east; which being added to 117° 0’ 45” W., the longitude by the 
lunar observation, when the altitudes were observed for time, gives the 
longitude 11'7° 12’ 45” W. when the distances were taken ; the longitude 
by the chronometer at that time being 117° 80’ 15” W. 


EXAMPLE V, 


April 7, 1866, in latitude 24° 29’ N., and longitude by account 39° 55’ E., 
suppose the following altitudes of the sun’s lower limb were observed 
at about 5h, 12m. P. M., mean time at ship, with the corresponding times 
taken from a chronometer that was 14m. 448 fast for Greenwich mean time 
when the altitudes were observed, and was gaining daily 2s. 5; the height 
of the observer's eye being 18 feet, and the error of the sextant 1’ 30’ to 
be subtracted: required the mean time and error of the chronometer for 
the meridian of the ship, also the true longitude of the ship by the 
chronometer. 


Times by Chro, Obs, alts, of ©’s L. L. 
Oo U “ 


ih, m. §&. F s 2 ¥ 
2 46 30 14 14 55 Obs. alt. @©’s L.L. 13 44 00 
47 56 13 57 40 Dip of horizon...... me | Mal 
49 § 13 45 20 —_ —— 
50 15 13 29 55 13 39 56 
51 9 13 19 40 Refrac.—Parallax. — 3 43 
5) 244 58 5) 68 47 30 13 36:13 
a oneer Sun’s semidiameter + 16 0 
Mean of times by chro. 2 48 59 Mean of alts...... 13 45 30 cmneniames: 
Chronometer fast...... — 14 44 Index error...... — 1 30 Sun’s true altitude. 13 52 13 
Mean time at Green.) , - Obs.alt.@©’sL.L. 13 44 00 
b ; 2 34 15 
y chron, April 7 eee 
°o ‘ uw 
Sun’s declination (p. IT. N.A.)...... 6 51 3N. April 7. m. 8. 
Hr. diff. + 56”.33 X2$h.=140".82= + 2 21 Equation (p. I. N.A.)..,. 2 10.68 Apr. 7. 
—— + Hr. diff —0s.717 X24h. = — 1.79 
Sun’s declin. at Greenwich time ... 6 53 24 N. ts ee ee 
90 Eq. at Greenwich time... 2 8.89 
Sun’s polar distance ........0.sseeceee 83 6 36 ” meth eae 
Sun’s polar diatance....cicceesesseseesevsee GB 64 ...Co-secant...... 0.00315 
Ship's latitude .......... Se ses ce epacasacnp een 24 29 .2.50. Secant ....eee0. 0. 04092 
Sun’s true altitude ........ aeSdantttccstes 13 52 
Sum eeerseceereoeeetesseesae eoereeee ah ob 2} e 121 27% 
Half-sum..... ohana. Seaepieks anenseetaes 60 44. <<.0 Co-sin@... s.60< 9. 68920 
ROMRINAGE is cescsexcescece a cvcdathchhen me 46 52...... TL pe et ee 9. 86318 
h. m. s. —_——- 
Apparent time at ship ...,,cecssrece DF LL ZZeeree Lg ccoccerseeee 9 59645 (XXXI.) 
Equation of time... -...... ide bieepiid SH PQ camer how. s 
Mean time at ship seeeesseoesesesereeree 5 13 36 April Ddesaschice -cceescuuedcsbhbcnoceneanen 5 13 36 
Mean time at Greenwich .......0.08 2 34 15 April 7. Mean of times by chro. 2 48 59 


Long. in time by chronometer ...... 2 39 -21=39°50'15”E. Chro. slow of ship time. 2 24 37 
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In the evening, suppose the following observations were made of the 
moon and the star « Virginis (or Spica): required from thence the true 
longitude of the ship when the altitudes were taken, to ascertain the error 
of the chronometer for ship time. 

Times by Chron. Alts. of Moon’s L.L, Alts. of *Spica. Dist.C ’s R.L. from *. 


h. m. s. ° / u ° , “ ° / 4 
11 35 15 19 6 45 46 32 50 82 28 30 
37 «(0 16 50 28 20 31 5 
38 15 26 25 24 20 - 32 55 


(pate ee eS 


| aaennenEeEEeEiee 


3) 110 30 3) 50 00 3) 85 30 3) 92 30 


EM 


Mean of times by chron... 11 36 50 19 16 40 46 28 30 82 30 50 
Chron. gained in interval... — 0.9 — 140 — 130 + 22 Errors 
11 36 49.1 19 15 0 46 27 00 82 31 12 
Chron. slow for merid. of ener ed a 
ship, where the time > 2 24 37 h. m. 8. 
altitudes were observed Mean of times by chronometer 11 36 50 
a Chron. fast for Greenwich time — 14 44 
Mean time at that merid. \ P +a oeenente 
: 14 1 26.) April 7. Lior 
when dist. was obs. ... ; Chron. gained in 9 hours......+++ — 0.9 
Mean time at Green. bychron. 11 22 5.1 
Fane, Pao.’ 


Moon’s horizontal parallax at noon... 55 15.3 Moon’s semidiameter at noon .....- 15 4.9 
Moon’s horizontal parallax at midu... 55 34.6 Moon’s semidiameter at midnight. 15 10.2 


—— —__—_ — 


Difference of hor. par. in 12 hours... 19.3 Difference of semidiam. in 12 hours 5.3 


os ee 


Then, as 12h.: 19”.3:: 1]§h. : + 18.2 Then, as 12h.:5”.3::1lgh.:-+ 5.0 
Moon’s horizontal parallax at noon ... 55 15.3 Moon’s semidiameter at noon «+++ 15 4.9 


SS 


Moon’s hor. par. at Greenwich time.. 55 33.5 Moon’s semidiam at Green. time... 15 9.9 


et ee oe 


fo) f “ o ‘ “ ° ( us 


Obs. alt. * Spica 46 27 00 Obs. alt. D’s L. L. 1915 0 Obs. distance R. L.. 82 31 12 
Dip of horizon... — 4 4 Dip ofhorizon...... — 4 4 >*ssemid. — 15’ es 15 16 
)’saug.(VII)+ 6 


eee ——— 


Apparent altitude 46 22 56 ete ecard Ea ig : — 
p’ssemid. + 15 10 Apparent distance... 82 15 56 
PeeCV TLRS Chee ee 


Moon’s app. alt. ... 19 26 12 


“ Lyon’s Mernop improved,” by Coteman’s Lunar and Nautical Tables*, 


Moon’s horizontal parallax ..-...... 0) 55 33.5 Pro. Log. 0 51052...cecceeesecereeeere O 51052 
Star’s apparent altitude.........ses+s 46 23 — Co-secant 0. 14028 

Moon’s apparent altitude ...... secese 19 26 ——. Co-secant ...0--sessescsconconvecscencosee 0 47793 
Apparent distance ...sesrerssreeeeeeees 82 15 56 ~~ +Sine...... 9.99603 Tangent ... 0.86711 
ete pte. <ill sorckaeavsserenss-be, 4,19,.24 «Pro. dog. 0, 64683 esha! 00 
Second ar ccccccscccocceeseccee coves $ 5 2 BL eacvvererrocverees seseseee eeseee Pro Log. 1.85556 


CeRMsrO-g.lvacdclbiesamupsencanvenss,. "ftr se 40 


TruE DisTANCE—(sub. 10°,)=... 81 40 9 


* These Tables maybe obtained of the Author or Publisher, at 157, Leadenhall Street. 
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“METHOD 1. 


By Krarrt, or Natural Versed Sines.—Vide Rules pp. 266 and 267. 


¢ 


Moon’s app. alt. 19°20’, and hor. par. 55’ 49 3 
Parts for 6’ of altitude .....eeeeseveeee + 9 
Parts for 34” of parallax ..eeeeeeereeee fe 32 


eevereeven 49 44 


Moon’s correction...... sere ces 


° Cig OE 
Star’s apparent altitude........+.+- 46 22 56 
Moon’s apparent altitude .......... 19 26 12 
Sum of apparent altitudes (A)...... 65 49 8 
Auxiliary arc ....- «+++ (B)..-.-. 60 9 47 
Apparent distance ....0+ (C) ....2. 82 15 56 


°o , a“ 


(KEK) eee ee eave bom Ro 
+s 


eeereceeeee es CHOKRCHECHESEHFH SCH SHH ESE EHE 


e@eereevoeeeevreeoe ee eevee eevaeseeeee eevee + 7 
Parts for star’s app. altitude 46° + 0 


Auxiliary arc .eecececeseseess 60 9 47 


Sum of apparent altitudes........+. 65 49 O08 
Moon’s corr. (XXX.) + 49' 44” 48 50 
Star’s corr. (XVIII.) — 0 54 j** + 


Sum of true altitudes cocccae OO a2 70G 
180 


eceoeeLl3 22 2 


Sum of true zenith distances 


Sum of A and B. ....escceeceecese +125 58 55 Versed.. 87315 Parts for seconds .. 218 
Difference of A and B....ccsseeeess 5 39 QL Versed.. 04858 ..ccccccccsccscecee 9 
Sum of Band C Senter ey YP eee oe La? 25 43 Versed.. 92467 eee etecwee see srer an ee 127 
Difference of B and GC. s.cccvcocccee 22. 6 Q . Versed... F347 bows cevecornsscavecs | Ae 
Sum of true zenith distances ......113 22 2 Versed.. DOGI4 .rcescecesecseeeees 9 

opel a 380 Sum of the parts .. 380 — 
TRUE DISTANCEscsseeeseeeseseses 81 40 8 Versed.. 55106 

METHOD V. 


By Nortir’s Linear Tables.—Vide Rules, pp. 269 and 270. 


[oO nae / 
Apparent distance ............ 82 15 56 
Correction for refraction ...... + 216 
Corrected distance ......++.-.. 82 18 12..Sine ...... 9.9961 Tangent .. 0.8690 
Star’s apparent altitude........ 46 23 —..Co-secant.. 0.1403 - 
Moon’s apparent altitude ...... 19 26 »>Co-secant. vc. nine esene gee ne Orne 
Moon’s horizontal parallax .... 0 55 33.5 Pro. Log... 0.5106....+0+.++++ 0.5106 
First arc eeeesee eeeereeeesees Be — 40 33..Pro. Log. se 0. 6470 
Second arc...... Te et tk CEE Dis gene er Peder eee ee Sashwotn'e .» Pro. Log. 1.8575 
_ Correction for parallax ........ OS Diageo Ssmcunidians +++ 038! gives 2” 
Corrected distance ........00+- $82 18 12.. Parallax in alt..53 , 4 } (XXXV-} 
81 40 7 = 
Third correction ....0¢e0.2s00 hd 1D os Wale Se ae netomn eee e aee 
TRUE DISTANCE +). 6 0ees0e4 ose SOL 400 9 in 
Distance at IX. hours by N. A.. 80 26 37.........+. .eeeeee and Pro. Log. 0. 2872 
Difference ..cceccccceccroceces 1 13 32...... ote ean ep see .. Pro. Log. 0.3888 
h. m. s- 
Proportional part of time. .........eeeeees 2 22 Q7..-.eeereeee Prow Log. 0.1016 
Time of distance by the Naut. Alm......... 9 
Mean time at Greenwich .......eeeeeeees «11 22 27 ~=April 7. 


Mean time at ship by the chronometer when 
the distances were observed 


erevervee 


Su 1 26.1 April 7. 


- Long. in time at the place where the pla 2 38 59.1 = 30° 44 45” East 


were obs. to find the error of the chro. 


oe 


When the time under the meridian of the ship cannot be found from 
altitudes taken with the distances, as is the case in the fourth and fifth 
Examples, the observer may, instead of finding the error of the watch or 
chronometer by altitudes taken before or after the distances, note the times 
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by a chronometer at both observations, by which he will obtain the interval 
of time between those observations; this applied to the mean time at the 
ship when altitudes were observed for time, will shew the time under that 
meridian when the distances were taken; to which the longitude made 
during the interval, reduced to time, being applied, by adding or subtract- 
ing it, according to the ship’s place, when the distances were observed, is 
east or west of its place when the altitudes for time were taken, the result 
will be the time at the ship corresponding to the place where the distances 
were observed: this compared with the time at Greenwich, will shew the 
ship’s longitude at the time of taking the distances. 

Suppose, for instance, that in the fifth Example, page 284, when alti- 
tudes of the sun were taken, about 5h. 12m. P.M. ship-time, the mean of 
the times shewn by a chronometer, gaining 2.5 seconds per day, was 
2h. 48m. 59s., and the time by the same chronometer, where the distances 
were observed, 11h.36m. 50s., the ship having, between the observations, 
made 48 miles of longitude to the eastward ; we may proceed, as follows, to 
find the time at ship when the distances were taken, and thence the longi- 
tude at that time. 


h. m. s. 

Mean time by chronometer when the sun’s altitudes were observed 2 48 59 

Mean time by chronometer when the distances were observed ...... 1] 36 50 

emeeWanee CAME Wy CHTONOMECLET 6.....cc.ccc-ccecscacscsccs-ccescccceseses 8 47 51 
Proportional part of rate or daily gain of chronometer during the 0.9 
above interval......... wonccccnccsececvescescecesccecsccscsescesceesssoce “94 TAL 
Interval corrected for rate Of chronometer .....ecesssesececsceeseeeseces 8 47 50.1 

Mean time at ship when sun’s altitudes were observed ......+ee+s+e0 5 13 36 


Mean time at the above meridian when the distances were observed 14 1 26,1 
Change of longitude (in time) during the interval 48’ E. ........00 + 312 


——_— —$__—— 


’ w 


ae ° 


Longitude of ship when the distances were observed ....ecccsssseseves 2 42 11.1=—40 32 45E. 


In the preceding Examples we have supposed altitudes to be taken at 
the same time with the distances; but cireumstances may arise, such as 
an undefined horizon, or want of assistants, which may prevent the altitudes 
_ of one or both the objects being observed : in these cases it will be necessary 
to compute the altitudes corresponding to the distances. 

For this purpose, take a set of altitudes when the object is at a proper 
distance from the meridian, either before or after the distances are observed, 
noting the times by a chronometer, or steady going watch, from which 
compute the apparent and mean time at ship; note also the times, by the 
same chronometer or watch, when the distances are observed; then, by 
means of the elapsed time, and the change of longitude during that 
interval, find the mean time at the place where the distances were observed, 
and thence the apparent time; corresponding to which, compute the alti- 
tudes by the following rules. 
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Russ. 1. Find the least meridian distance of the given object, which, 
if it be the sun, is the apparent time from the nearest noon; but if the 
object be the moon, a planet, or star, then add the sun’s right ascension to 
the apparent time: their sum (deducting 24 hours, if it exceed that time) 
_ will be the right ascension of the meridian; the difference between which 
and the right ascension of the object, in time, will be its meridian distance ; 
but should the remainder exceed 12 hours, subtract it from 24 hours, to 
give the least meridian distance. 

2. Add together the log. rising of the meridian distance (X X1X.), the 
log. co-sine of the latitude (XX V.), and the log.co-sine of the declination. 

3. Find the natural number corresponding to the sum of these three 
logarithms (X XIV.), rejecting the tens from the index, and add it to the 
natural versed sine (XX XVI.) of the difference of the declination and 
latitude, when they are of the same name—or of their sum, when of con- 
trary names; the sum will be the natural versed sine of the true zenith 
distance, which subtracted from 90°? will give the true altitude*. 

4. If the object be the sun ora star, their correction from ‘lable X VIII. 
added to the true altitude, will give the apparent altitude ; ifit bea planet, 
the refraction (LV .) is to be added, and the parallax in altitude (X LVIII.) 
is to be subtracted from the true altitude; but should the moon’s apparent. 
altitude be required, the correction taken from T'able XX X., with the 
true altitude and horizontal parallax is to be subtracted from the true 
altitudet-. 

Nore. The right ascension and declination of the sun, moon, or a planet, 
and the moon’s horizontal parallax, are to be taken from the Nautical 
Almanac, and reduced to Greenwich time of observation. The right 
ascension and declination of a star are to be taken from Table XIII. and 
reduced to the given year and month. 

Here follow two Examples, in which the apparent altitudes are found 
by the above Rules. 


' EXAMPLE VI, 


March 11, 1861, in latitude 17° 18’ N., and longitude by account 
11° 15’ W., at about 8h. 50m. A.M. apparent time at ship, suppose the 
observed altitude of the sun’s lower limb to be 38° 27’ 45”; a chronometer 
(whose daily rate was 16 seconds /osing) at the same time shewing 
9h. 48m. 10s., the observer’s eye being 18 feet, and the error of the 
sextant +- 2’ 30”. 

Again, suppose on the same forenoon, when the above chronometer 
shewed 11h. 17m. 43s., the distance between the sun and moon was observed 
to be 69° 33’ 00”, the ship having (since the first observation) made 15 
miles of latitude to the Southward, and 45 miles of longitude to the East- 
ward ; the height of the eye, and index error as before: required the true 
longitude of the ship, at the time the distance was observed. 


* In this operation the log. co-sines are to be taken out to five places of decimal figures 
only. and the natural versed sines to the first five decimal figures in the Table. 

t The result of the above will be the approximate apparent altitude; and if greater accu 
racy be required, the moon’s correction should be again taken out with the approximate 
apparent altitude, and applied to the true altitude, instead of the former correction. 


CN FINDING THE LONGITUDE BY 


h.m. h. 
App. time at ship 8 50 A.M.11th=20 50 ‘March 10 
Long. by acc. 11°15’ in time.. + 45 W. 


App. time at Greenwich by acc. 21 35 
Equation of time 


Mean time at Greenwich by ace. 21 45Marchl0 


° / 4 
Observed alt. of sun’s lower limb.... 38 27 45 
Index error of the sextant.......... + 2 30 
38 30 15 
Corr. from Table [X., + 10.8 =.... + 10 48 
SEM BTEEMO BILIGUCG o.i...ccsneseeee SO4L 8 
ots 
Sun’s polar distance...... 93 43 
Ship’s latitude ........ -- 1718 
Sun’s true altitude........ 38 41 
(1) Seg & OS ar -. 149 42 
BROMUS cg orkishs 565.5 3% 4/09 74 Si. 
AUUMMEMOEE secs s i sees ee 36 10. 
h. m. s. 
Time from noon ....... LPT Ee - 3 9 48 
24 
Apparent time at ship.... ......... 20 50 12 
BiqQuation Of Time’... ..... cc ccc eeeeee 10 LY 
BAPE CMIG OC SNID oo. 0.n0csecssee ZL. .O 26 
Interval between the observations eel Net I: 
Mean time at ship when the distance 
WEE ODSEFVed .....01.00.; ‘ °} 22 S000 


Change of long. 45' in time wees ese + 3 0 


True mean time when dist. was observed 22 33 0 
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' . be Mes. 
Time by chron. when the sun’s alti- 21 48 10 


tude Was GUSETVEGd.. «sje sec as 


Ditto when distance was observed .. 23 17 43 


Interval of time between the obs. ... 1 29 33 

Pro. part of rate during the interval . + tL 

Interval corr. for the rate of chron... 1 29 34 
°o / ota 


To find the Sun’s apparent Altitude when the distance was observed. 


Of 


Lat. when the sun’s alt. was observed 17 18 N. 
Diff. of lat. made during the interval — 15 S. 


Latitude when the distance was obs.. 17 3 N. 


Mean time at the ship when cab i 33 a 
distance was observed ...... 
Long.of ship 10° 30’ in time (XIX.) + 42 OW. 


Mean time at Greenwich 


eeeeeeeve 


Mean time at the ship when the 
distance was observed ...... 
Equation at Greenwich time .... — 10 13 


Apparent time at ship » 22 22 47 


24 


Time from noon...... 


' Pp 


Sun’s declin, March 10 (p.II. fig A.) "4 ‘S248 
Hour. diff. 58”.76 & 213h. -» — 2118 
Sun’s declin. at Greenwich time.. 3 43 6S. 
90 
Sun’s polar distance .......+.... 93 43 6 
ee Co-secant. eoeeceoeves 0.00091 
.. secant @e@eeeeve oes 0.02011 
Go-sine 1. - sce oe 9.41722 
Sinies5 vise notes 9.77095 
Log. .. +» 9.20919 (XXXI.) 

March 10. m. s. 
Equation by N.A., March 10 .... 10 28.56 
Hour. diff. — 0s.66 X 212 =...... — 14.35 
Equation at Greenwich time...... 10 14. 21 

March 10. 

March 10. 

° } 


Long. by acc. when (@)’s alt. was obs. 11 15 W. 
Diff. of long. made during the interval — 45 E. 


Long. by acct. when the dist.was obs. 10 30 W. 


On 


Sun’s declin. Mar.10(p.II.N.A.) 4 4 2458. 
Hour. diff. — 58”.76 X23h.15m.= — 22 46 


“7 


Sun’s declin. at Greenwich time.. 3 41 38S. 


m, Ss. 
10 28. 56 
Dane L5s 34 


10 13.22 


Equation of time, Mar. 10, by N.A.. 
Hour. diff. 0s. 66 % 23h. (5m. oo tates 


Equation at Greenwich time........ 
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h. m. s. 
PIIGTOM NOON). «60.0.0 01s,0 0.6 faye 13 ereeerver seeeereeeoereecereveseeees Rising....+. 3.91756 
Ship’s latitude ......eeeee+ 17° BIN. weeseaee sevvceee coseseseecs Co-sine .... 9.98048 
Sun’s declination ....eseeee FB ALZS. cecceceveevecs covcccccscecee Cosine .... 9.99910 
erie Be Natural number 8456 ...... Log.......+- 3.92714 
Sum (Lat & Dec. diff. names) 20 444....Versed ....+. ». 06481 
Zenith disfance ....+....-+. 31°43’ 11” Versed ..+.++++ 14937 
. 90 : 
Sun’s true altitude ........ 58 16 49 


Refraction—par. (XVIII.).. + 0 30 
Sun’s apparent altitude .... 58 17 19 


To find the Moon’s Apparent altitude when the Distance was observed. 


h. m. s. 2 VS 
d’s R.A. at23h.Mar.10, 18 46 42 p’s dec.at 23h.Mar.10, 17 44 37S. 
y’s R.A. ath. Mar.11, 18 48 pif @-VL. N-A.) })5 dec.at Oh. Mar.11, 17 41 59S. (P*VE-N-A-) 


Variation in 1 hour.. 212 Log. 1.4357 Variationinlhour.- 238 Log..1.3576 
Time after 23 hours.. 15m. 0s. Log. 0.6021 Time after 23hours.. 15m. 0s. Log. .0.6021 
h. m. s. Si eh 


Variation in 15m. 0s. + 0 33 Log. 2.0378 Variation in 15m. 0s. — 040 Log..1.9597 
p’s R.A, at 23h. Mar.10, 18 46 42 )’s dec-at23m. Mar.10 17 44 37S. 


p’s R.A. at Green.time 18 47 15 )’s dee. at Green. time 17 43 57 S. 

Moon’s semidiam. at Greenwich time 15/18” |Moon’s hor. par. at Greenwich time.. 56’ 2”.0 
h. m. s. 

Apparent time at ship ...... 22 22 47 h. m. s. 


Sun’s right ascension ...... 23 25 47 Sun’sright ascension, March 10,(p.II. N. A.) 23 22 13 
Hourly diff. + 98.2 X 23b. lim. = 2133.9= + 3 34 


Right ascension of meridian.. 45 48 34. 
24 Sun’s right ascension at Greenwich time .. 23 25 47 


Least right ascen. of meridian 21 48 34 
Moon’s right ascension ..... 18 47 15 


Moon’s meridian distance.... 3 119 ...... vocvccccecoceveces ose RiSing...... 4.47271 
Ship’s latitude eeeeeven e@eee Wie 3 N. ®eteeneeeoeeeoeeeeereeee eeeeeree Co-sine eeee 9.98048 
Moon’s declin. at Gr. time .. 17 44 Ss. eeereeoereeeeeseeeseeerseeeeeerees Co-sine e@eee 9.97886 
Natural Number 27043 ...... Log. ...... 4.43205 
Sum (Lat. & Dec. conty. name) 34 47 Wersed *thVueus 17869 : 
Zenith distance ......... e 20H Ot Ql” | Versedsvrgkees 44912 
90 a’ 


ee 


Moon’s true altitude........ 33 25 39 
Corr. from Table XXX....... — 45 42 


Moon’s apparent altitude.... 32 39 57 


To find the Apparent Distance. 


° |e Ld 
Observed distance by the sextant ...... 69 33 00 
Index error to be added............ cose +. 2 30 


Distance corrected for index error.. .. 69 35 30 
Sun’s semidiameter (p. II. N. A.)...... + 16 § 
Moon’s semidiameter at Greenwich time + 15 18 
Moon’s augmentation (Table VII.) .... + 9 


Apparent distance of sun and moon .... 70 7 5 
ee ee a ee Te en tale 
Note.—Or the proportional part of change in Moon’s R. A. and Declin. may be found thus :— 


Var. of )’s R.A. in ih. is 2m.12s.—Then say: lh. : 2m.12s.:: 15m.0s.: 0m-33s.Corr.for R-A» 
Var. of )’s Dec. in i minute is 27.60 X 15m.0s.=0'39” Corr. for Declin.—Vide Note p- 187. 
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To find the « True Distance,” by Coteman’s Lunar and Nautical Tables.* 


Moon’s horizontal parallax ........ 056 2 Pro. Log. 0.50683 ......eeececeeeees 0.50683 
Sun’s apparent altitude............ 58 17 — Co-secant 0.07025 
Moon's apparent altitude .......... 32 40 — Co-secant ...,sceececcesececsesess 0.26781 


Apparent distance ’..............5. 70 7 5 Sine .... 9.97331 Tangent ...... 9.d4b89 


(ye teteceeeeseecseet 4 919 Pro. Log. 0.55039 
Second arc. Se rit. a 5 10 56 Cee eeeeseeeseeeeeree ETO, LOGss cence 1.21633 
RITE sida ons oes 00 Beeece oot 1 32 Ley Rar oe 


TRUE DISTANCE (Sub, 10°)= ...... 69 28 52 


METHOD I. 
By Krarrt, or Natural Versed Sines.—Vide Rules pp. 266 and 267. : 


Moon’s app. alt. 32°40’, and hor. par.56' 45 30 (XXX.)..cscesevecerveecs eee i, 60 16 31 


“7 


Parts for 0’ of altitude PORCH ere se peas © aL 10 e@eeseeeeopeveeee 08 eoeeeteoeeeee even . + 0 
Parts for 2” of parallax .......... EFM Pees ee Ws cee avis Cun ou cote Wsiouine ie + 1 
"" Parts for sun’s altitude 58° .. . + 4 
’ s ~ fest Xa2 2 25S 
MIME COPTECLION ccceccccccececercess 45 42 Auxiliary arc ....... Oe. eee ate 60 16 36 
o +¢ w S$um of apparent altitudes........ -- 90 57 16 
Sun’s apparent altitude.......... »» 58 17 19 Moon’s corr. (XXX) -+ 45' oar 1 + 45 12 
Moon’s apparent altitude .......... 32 89 67 Sun’s corr. (XVIII.) — 0 30 
Sum of altitudes ........ (A)...... 90 57 16 Sum of true altitudes .............. OL 42 28 
Auxiliary are. ......+.+. (B) sees. 60 16 36 TBO gh hey 
Apparent distance ...... (C)...... 70 7 5 Sum of true zenith distances ...... #8 17 32 
SAAS 151 13 52 Versed.. 76447 Parts for seconds .. 122 
Difference of A and B.........00¢s. 30.40 40 Versed.. B985L  ..ccesecsesececeene 99 
Sum of B and C ececec @cecevecee - 130 23 Al Versed.. 47898 eee ee eee eee eee ee Oe 152 
Dpimerence Of Band C.. ....s0. 000. 9 50 20 Versed.’. 14691 wives eccsactvcens vevir ae 
Sum of true zenith distances ...... 88 17 32 Versed.. 70043 ....eceseseeeeeeees 155 
o¢ uw 551 Sum ofthe parts .. 551 
DRE CISTANCE sc cc cscs cece. «++» 69 28 51 Versed.. 49181 rau 
METHOD V. 
To find the True Distance by Norix’s Linear Tables, and thence the Longitude. 
DORE Sir 
Apparent distance .........45. 76 7 5 
Correction for refraction ...... + 131 
Corrected distance ...... peeie? 70 8 36..Sine ....3'. 9.9734 Tangent .. 0.4423 
Sun’s apparent altitude........ 58 17 —..Co-secant.. 0.0702 
Moon’s apparent altitude ...... 32 40 —..Co-secant........... aoa ccce cere 
Moon’s horizontal parallax .... 0 56 2..Pro. Log... 0.5068........+++» 0.5068 
First arc,....... eee seeeeeee os — 50 41..Pro. Log. .. 0.5504 
Second arc...... cere reas a 30 Go a venk ae ein ca e's .. Pro. Log. 1.2169 
Correction for parallax .....+0. — 39 46........006. tee 40", gives 5” 
Corrected distance ............ 70 8 36..Parallax in alt.47 rt (XXXYV-) 
69 28 50 = 
Third correction @eeveoepeoeeeeveeee —- Do Mate oh ott cteioas ta Bie, Clara. eee Dad 
TRUE DISTANCE....... sooecee 69 28 52 xe 
Distance at XXI. hours by N. A. 70 34 22......cceseeeveees and Pro. Log. 0. 3147 
Difference ae ee Pre s@essuseeoce a8 6 1 Zt Nal eahaialictel Futta a prerbiaveralanciotens Pro. Log. 0.4390 


—— hms. 
Proportional part of time....-...eeeeeeeeee 215 12....000.5+6+ Pro. Log. 0.1243 
Time of distance by the Naut. Alm.........21 


Mean time at Greenwich ........eeseeeeee-20 15 12 March 10. 


Meantime at ship ......0. eeesesevesesecerae ad 00 March 10. 
Longitude in time ...... ti shlalels vencwh eee 0 42 12 = 10° 33’ 03” West. 


* These Tables may be obtained of the Author or Publisher, at 157, Leadenhall Street. 
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EXAMPLE VII. 


June 24, 1866, about Lh. 15m. A. M., (civil time), apparent time at ship, 
in latitude 2'7° 15’ N., and longitude by account 131° 30’ E., suppose the 
distance of the moon’s nearest limb from the Star « Aquitz or ALTAIR Was 
observed to be 78° 11’ 50":—and at 10m. 20s. after (as measured by a good 
watch,) the ship being in nearly the same place, the observed altitude of 
the Star Marcas was 39° 15’ 30" (Hastward of the meridian), the height 
of the observer's eye, being 24 feet, and the error of the sextant 1’ 45” to 
subtract: required the true longitude of the ship when the distance was 
taken. . 


h. m. h. m. 8. 
Apparent time at ship when Sun’s R.A. June 23 (p. II. N.A... 6 7 32 
the distance was observed 13 15 June 23 Hr diff.-10s.39X4h.41m.=48s.48=+4+ 0 46 


Interval of time by watch...... + 10 
aaarerees Sun’s R.A. at Green. mean time... 6 8& 20 
Apparent time at ship when rarest 
the star’s alt. was observed 13:28 ©. ae 
Long. by acc. 131° 30’ in time 8 46 East. Star Marcab’s observed altitude ... 39 15 30 
———_ Index error of the sextant....... eos, ee ee 
App. time at Green. when 4 39 —_—- 
the star’s alt. was observed 39 13 45 
Equation of time ............... + 2 Correction from TableXV.—5'.8= -— 5 48 
Mean time at Green. by acc..... 4 41 June23 Star Marcab’s true altitude ........ 39 7 57 

h, é PEEL 


m. 
Star’s right ascension, Jan. 1860... 22 57 47 Star’s declination, January 1860 14 27 10 N. 
Ann. var. -+ 28.98 X 65 = 19837 = + 19 An.var.+19 30 X6$=125"45=> 4+ 2 5 
Star’s right ascension, June 1866... 22 58 06 Star's declination, for June 1866 14 29 15 N. 
90 

hom ys —_—_—_—_— 
Or Marcab’s R. A. p. 383 of N.A... 22 58 7 Star Marcab’s polar distance ... 75 30 45 
Or Marcab’s decl. p. 383 of N.A.... 14° 29’ 14” N. _ 

° / 


Star’s polar distance sco 75 31 ...+.-Co-secant ... 0.01403 
Ship's latitude s.....csecsecec ass! 2) LO |, scanssQOCAIt ovcecesectla tein 


Star’s true altitude ..ccce sce 39 8 

Haltestir «ayes seats - «ky nna ore oo £0 DB hrosiae Co-sine ...066 9.o1d74 

TLCINAINI GOL \ ccnclecgacecetecrses tL 40% 1 enaces Od eeaieer eee 9. 72198 
h. m. s. —— 


Star’s distance from the meridian... 3 32 28 E. Log .,...ssscccsscsseeeee 9.30084 (XXXI_) 
Star Marcab’s right ascension ...... 22 58 7 Rr resers ¢ 


Right ascension of meridian we. -+..0. 53 atts 
Sun’s right ascension ........ sah wala - "3 20 Equation by N.A., June 23:s:scess 1 aaa 
App. time at ship when the oat 13 17 19 Hourly diff. +0s.54 * 4h. 41m, = 4+. 2.52 
Marcab’s altitude was observed : oa a1 eee 
Equation at Greenw.mean time... + 1 52 Equation at Greenwich time...... we =1 51.86 
Mean time at ship when the star 13 19 IL 
Marcab’s altitude wasbserved 


Interval of time by the watch ...... — 10 20 
Mean time at ship when the dis-) 73> a 
tance Was Observed....sccosesseas f i268 Gl jdone 23. 


NotE.—The star’s right ascension and declination, may always be taken from the Nautical 
Almanac, (as shewn above) answering to the given day, or the nearest one to it; by which it 
would save the time and trouble of working the above computation from Table XIII. 


ON FINDING THE LONGITUDE BY LUNAR OBSERVATIONS, 293 


10 find the Apparent Altitude of the Star AquiLm, or ALTAIR, when 
the Distance was observed. 


: ; h. m.s. h. m.s. 
we Tatanee ea oteereed YAS 8 51 June23 sevsvcseessseesssseseeees 18 8 51 June 2s 
ae 3 s _ 2 
Long. by acct. 131°30’ intime 8 46 0 E. ae "4 = noale ate ey —_1 82 
Estimated time atGreenwich 4 22 51 June23 tries adsl Fe Wg a 13. 6 59 June 23 
m. s. i h. m. s. 
Equatiun, June 23, from p. II. N.A.. 1 49.32 Star’s right ascension, Jan. 1860 .. 19 43 57 
Hourly diff. + 03.54 X 4h. 23m..... + 2.32 Ann, var.+ 28.93 X 64=19s.04—= + 19 
Equation at Greenwich time........ 1 51.66 Star’s right ascension, June, 1866.. 19 44 16* 
h. m. s. 
Sun’s right ascen. from p. II. N.A.. 6 7 32 June 23. 
Hourly diff. + 10s.39 x 4h. 23m. = + 0 45 Me ae 
pil vance irae , etic 
Sun’s right ascen. at Greenwich time 6 8 17 Star’s declination for Jan.,1860.. 8 30 5N. 


Apparent time when distance was obs. 13 6 59 Ann-var.-+ 9".18X63=59".67= + 1 0 


Right ascension of meridian........ 19 15 16 Star’s declination for June, 1866 8 31 5N.f 
Star’s right ascension, June, 1866 .. 19 44 16 

Star’s distance from the meridian .. 20 O.cescceccccevccevcees tet Rising.... 2.90282 
RIE DUNG ists casa ce ines cscs 4 pal $69 PRR Re Ret ahs Bp . Co-sine .. 9.91891 
meenation, JUNC, 1560 «26.03 BS SL Nel ee es Ve wes . Co-sine .. 9.99518 


Nat. number.... 703.. Log. .... 2.84691 


Dirr. (Lat. and Dec. same names) 18 44.. Versed ....... 05298 
Star’s true zenith distance ........ 19°57’00” Versed ........ 06001 
90 
Star’s true altitude ....2.eececeeees 70 300 Or,the Star’s R.A.& Dee. may betakenfrom N.A. 
Refraction (IV. or XVIII.) ........ + 2! h. m. s. 


’ STC Right ascen. of Aquile (p.375,N.A.) 19 44 17 
Star’s apparent altitude..........-. 70 321 + Decdin, of Aquile, (p.375, N-A.) 8°31 12” N. 


To find the Moon’s apparent Altitude when the distance was observed. 


inher Boch OF 21s 
)’s R.A.at 4h. June 23 14 42 ce )’s dec.at 4h. June 23 12 50 14S. 
p’s R.A.at 5h. June 23 14 44 50 (p-VII.N.A.) d’s dec.at 5h.June 23 12 57 «38. (p. VII.N.A.) 


Variation R.A.inlhour 158 #Log. 1.4844 Variation dec. in lh. 6 49 Log... 0.9146 

Time after 4 hours.. 22m.5ls. Log. 0.4193 Time after 4 hours..22m. 5ls. ‘ Log... 0.4193 
h. m. s. Say tod 4 

Variation in 22m. 51s- + 045 Log. 1.90937 Variation in 22m. 51s. + 2 36. Log... 1.3639 

p’s R.A. at th.June 23, 14 42 52 )’s dec at 4h. June 23, 12 50 14S. 


)’s R.A. at Green.time 14 43 37 )’s dec. at Green.time 12 52 50S. 


h. m. s. Moon’s hor. par. at Greenwich time .. 60! 50” 
Right ascension of meridian(as above) 19 15 16 
Moon’s right ascen. at Greenwichtime 14 43 37 


Moon’s distance from meridian .... 4 31 39............ ee eeeee eveee,, KiSiNG eae aseOOLe 
Ship’s latitude.....-+.eeeeeeeeeees ELD Ne xine tinfoSin «aa tiesn coe kan Co-sine.... 9.91891 
Moon’s declin. at Greenwich time.. 12 53 S.......... Cesecccvesecens Co-sine.... 9.98893 

; Natural number 54077.. Log. ...... 4.73301 
Sum (Lat. and Dec. of diff. names ) 40 8 ¢ 6 gtt VOTECUs vc 6 ame 23545 
Moon’s true zenith distance........ G7° 5'54” Versed... veces 77622 

90 

Moon’s true altitude .....-...sse-0- 12 54° 6 To fi nd the Ap parent Distance. 


Moune correcvion trom Tuble XXX.: "45°82... os served distance hy sextant (NeL) ved so 


Moon’s apparent altitude .......... 12 5 34 Index error to subtract ...-.+..+++- spel 6 
——— Obs. distance corrected for error..-. 7810 5 

Moon’s semidiam. at Greenwich time + 14 46 

‘Moon’s augment. from Table VII. .. + 3 


Apparent distance ......+sseeeeees 78 24 54 
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To find the “ TruE Distance,” by Coreman’s Lunar and Nautical Tables.* 


Oo 7 “a 
Moon’s horizontal parallax ........ 054 6 
Star’s apparent Sltitude.= 5 ieceewas 70.3921 
Moon’s apparent altitude .......... 12 5 34 
Apparent distance 9... .ccereccerses 79 24 SS 
REBEL Cs i's v8 ne Cs ceccceecveeseoet 4 8 5 
Second arc...... Spiess we wehetes «+ 5 219 
IBIEQIOTC inks ets pb caret esa Tike pie ae 
TRUE DIsTANCE (Sub. 10°)= ...... 77 39 26 


Pro. Log. 0.52208 eoeeeoeeeeveeeee 
Co-secant 0.02656 
Co-secant 


Sine .... 9.99106 
Pro. Log. 0.54000 
@eeereeeeeeee eeeveseoe Pro. Log.. eseeee 1.88927 


eeeeve 0.52208 


eoreeveeereeoeeeeeeee 0.67887 
0.68832 


Tangent 


METHOD I. 


By Krarrt, or Natural Versed Sines.— Vide Rules pp. 266 and 267. ; 


“” 
Moon’sapp. alt. 12°00’, andhor.par.54’.. a8 ae (XXX). cat cceae 2 oth wen NS (XXX. "A 60 5 35 
Parts for 6! of altitude .......s0...000. AHL ap cco we» censie Ore esegds ce nuleuann . + 8 
Parts for 6” of parallax ........., Tre an fe ere ee eT Seer yee ee ey sees + 1 
Star’s apparent altitude 70°. : + 0 
Moon’s correction Oeoeereereneeoesecesece 48 33 Auxiliary OVC tists cies a anata Pm 60 5 39 
o ¢ w# Sum of apparent altitudes.. neta -. 82 8 55 
Star’s apparent altitude............ 70 3 21 Moon’s corr. (XXX.) + 48 ee pe 48 12 
Moon’s apparent altitude .......... 12 5 34 Star’s corr. (XVIIT.) — 
Sum of apparent altitudes (A)...... 82. 8 55 Sum of true altitudes ...........+., 82 57 7 
Auxiliary are su... sees (Ayo 60 5 39 plies as 
Apparent distance ...... (C) ...... 78 24 54 Sum of true zenith distances ...... 97 2 58 
SUMMOE A TANG Eos sacice sees SAGA: 142 14 34 Versed.. 90512 Parts for seconds .. 101 
Difference of A and B......... eee e 22.816) Versed:.. 7a1437 > vcokrsusesiese eee - 29) 
Sum of BandC ...... Pent eiaictersie --138 30 33 Versed.. 45956 ces seeeeeeeee seeeee LOT 
Difference of Band C.. ....... eees 18 19 15 Versed.. 50666 ...... sc eeeeeees 23 
Sum of true zenith distances ...... 97 2 53 Versed.. 22147 wc. eens ood ide Clana 255 
mR ge) 515 Sum ofthe parts .. 515 
TRUE DISTANCE. .csceessceccsesss 77 39 26. Versed.. 86239 ta 
METHOD V. 
To find the True Distance, and thence the Longitude by Norixn’s Linear Tables. 
° / Zi 
Apparent distance ....seeee.-. 78 24 54 
Correction for refraction ...... + 4 6G 
Corrected distance ~.....,.0.... 78 29 uv..Sine .,.... 9.9912 Tangent .. 0.6909 
Star’s apparent altitude........ 70 3 21..Co-secant.. 0. 0269 
Moon’s apparent altitude ...... 125.5 $4, Co-secant..s sau eae 8 che & dield'djn wb in eee 
Moon’s horizontal parallax .... 54 6..Pro. Log... 0.5221. ceeeeeesees 0.5221 
Mivat WiC ven cee eae aso 4+ — 61 53..Pro. Log... 0.5402 
DGOGUU BEG aii site bce hod os ss » oD ee cenahieen corneas . Pro. Log. 1.8919 
Correction for parallax ...:.... —~ 49 34... .cccceesceees 50' gives “ (XXXV.) 
Corrected distance’. .......+.+. 78 29 00..Parallax in alt.53 
77 39 26 
MMird COPTECTION. oc. ss ce .ccccns Satie | PPP RS cise 1 tha Saleel age 
TRUE DISTANCE.....+0.- - 77 39 26 a 
- Distance at III. hours by N.A.. 78 16 27...... Fak ao neheta .. and Pro. Log. 0.3510 
Difference ....eseeeeseeseseem ‘ OT. A vdeadeeun eer s coeeneee Pro. Log. 0.6869 
hem. s- 
Proportional part of time...........+.-. cove L QB Srveceveees -» Pro. Log. 0.3359 
Time of distance from Naut. Alm, ........ 3 
Mean time at Greenwich by lunai.......... 423 3 June 23. 
Mean time at ship when distance was obs. ..13 851 June 23. 


Longitude in time, when distance was obs.. 


8 45 48 = 131° 27’ East. 


These Tables may be obtained of the Author or Publisher, at 157, Leadenhall Street. 
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EXAMPLE VIII. 


January 10, 1866, at about 11h. 9m. A.M., apparent time at ship, in 
latitude 17° 30’ S., and longitude by account 94° 45’ E., the following 
observations were taken between the sun and moon, with the correspond- 
ing times by a chronometer.* 

On the same day, when the same chronometer shewed Th. 48m. 22s. mean 
time, the altitude of the sun’s lower limb was 89° 17’ 45”, the ship having 
(since the first observations were taken) run 30 miles of longitude to the 
eastward, but remained in the same latitude: required the true longitude 
of the ship when the distances were observed, the height of the observer’s 
eye being 18 feet, and the error of the sextant 1’ 15” to subtract. 


Times by Chron. 
h.m. s SD fh lt 
4 59 24 Altitude of the sun’s lower limb........ 73 54 30 
5 2 31 Altitude of the moon’s upper limb...... 29 25 10 


: 5 4 56 Distance of the nearest limbs...... ose. 60 14 33 : 
chpted Tas 7 30 Distance of the nearest limbs.......... 76 16 go | Monn of detec 
P Z 7 5 910 Distance of the nearest limbs......... LAER EG-76 . 
5 11 3 Altitude of the moon’s upper limb...... 26 51 20 
5 13 46 Altitude of the sun’s lower limb ...... 76 43 10 


To reduce the Altitude of the Sun to the Time corresponding to the 
Mean Distance. 


h. m. s. h.m. s. Pi tae 

Time of sun’s first alt.. 4 59 24 Time of sun’s first alt.... 4 59 24 Sun’s first alt.. 73 54 30 
Time of sun’s last alt.. 5 13 46 Mean of times by chron.. 5 7 12 Sun’s last alt.. 76 43 10 
BPGPONCE.,-cc-cccree 1422 Difference......c.ceeeee 748 Difference.... 2 48 40 
As 1 i 1 oe ee ea Pro. Log. (Arith. Comp.)T.. 8.9021 

ES Ur 7, 496s c's. 3.0 Regie Pro. Loge ns « v«paciemers seni 1.3632 

is eG A oer e ww seus us Pros LOgs weenie seen 0.0252 


To increase of sun’s altitude ....+ LiSUaGE vee cai Pro: LOfe? cscs cc usce cuisisem eer aban 
Sun’s first observed altitude...... 73 54 30 


Sun’s altitude at mean of times .. 75 26 5 


To reduce the Altitud: of the Moon to the Time corresponding to the 
Mean Distance. 


° / “7 
Ll Moon’s first alt. 29 25 10 
2 Moon’slast alt. 26 51 20 


hs m. 8. h. m. 
Time of moon’s first alt. 5 231 Time cf moon’s first alt.. 5 23 
Time of moon’s last alt. 5 11 3 Mean oftimes by chron.. 5 7 | 


eee 


Difference........ coe 8 32 Difference........ rye cyte 441 Difference.... 2 33 50 
As Sis SBs,, sodas sn ty - Pro. Log. (Arith. Comp.)f 8.6758 
Isto 4m. 418. cere cosccess Pros. LO, | a vue ue coasts Is i). 
Sous "83°50" 0... « ca ecck LTOMMORS suey at vee ced | aura uenie 


To decrease of moon’s altitude.. — ‘1 24 27 ......2se0++ Pro. Log. ..cccccccccceses 0.3287 
Moon’s first observed altitude... 29 25 10 TPES Th 


Moon’s altitude atmeanoftimes 28 0 43 


Hence we obtain the following set of observations, vz. 
Mean of times by Chron. Dist. nearest L. of © & ¢ Alt of ©L.L. Alt. of ’s U. L 
6h. 7m. 12s, 76° 16' 10” 75° 26/ 5” 28° 0’ 43” 
* For the Method of taking the altitudes and distances without assistants, see page 229—See 
also explanation of Table XXXIX. 
fT The Arithmetical Complement is found by subtracting the Pro; ortional Log. from 10.0000. 
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To find the True Distance, and thence the Mean Time at Greenwich. 


h. m. Put Se 
Time at ship 11h.9m.A.M.Jan.10 23 9 Obs. alt of the sun’s lower limb.... 75 26 5 
Long: byacc. 94°45'intime (XIX) 6 19 E. Dip of the horizon......ssesseeoee — £ 4 
App. time at Greenwich by acc.. 16 50 Jan. 9. tee > 


Sun’s semidiameter by N. A. ...... + 16 18 
Sun’s apparent altitude .......... 75 38 19 


‘ i] 
Observed distance, sun and moon.... 76 16 10 


Tndex error, to subtract .....+..ee0. — 115 Obs.alt. of the moon’s upper limb.. 28 0 13 
76 14 55 Dip of the horizon....s.e.sscecees — 4 4 

Sun’s semidiameter (p. II. N. A.) .. + 16 18 “27 56 39 

Moon’s semidiam. at Greenwich time. + 14 48 foon’s semidiameter .. — 14/48” 

Moon’s augment. from Table VII.... + 8 Moon’saugmentation(VIL)+ 8 — 14 56 

Apparent distance...... ee eeeeeee ove 60-46 9" “aroon'’s apparent altitude.......... "27 41 43 


To find the Truw Distance, by Coteman’s Lunar and Nautical Tables.* 


Moon’s horizontal parallax ...... 0 54 14 Pro. Logs: O.52101 0056 os so we aac ceeetnaaes 
Sun’s apparent altitude .. ....... 75 38 0 Co-secant 0.01380 

Moon’s apparent altitude ......-- 27 432 °°O “Coscseeant-(. os. . csae sae cayenne os oO. 38270 
Apparent distance ....-.+seeeees 76 46 9 Sine .... 9.98831 .... Tangent ........ 0.62863 
UIPStHVATC cies eine els ajetets/eteie le ate ota 60 + 4 6 2 Pro. Log. 0.52312 

Second are .ccccess-cesvcveuce H+ 5 5 5G vecceconce + cad oe ew olan 8 Pro. Log. .. «+. 1.48234 
PUT OcAY Coo s/o leis omelette «ele eiele,® oot 1 57 


True Distance (Sub. 10°=).. 76 0 4 
To find the Thur Distance, and thence the Longitude, by Norix’s Linear Tables. 


Apparent distance «.+.eess 76 46 “9 
Correction for refraction.... + 1 58 


Corrected distance ........ 7648 7 Sine...... 9.9884....Tangent.... 0.6298 
Sun’s apparent altitude .... 75 38 0..Co-secant.. U.0138 


Moon’s apparent altitude oe 27 42 0. -Co-secant.. eooeeereeeereeeeseeee ee 0.3327 
Moon’s horizontal parallax.. 54 14..Pro. Log... 0.5210 -esseeeeeeeeees 0.5210 


First ALG eseovteccstisoecvscesee =— 53 o5..Pro. Log.. 0.5232 


Second arc e@enrvee eereeeveee + 5 GOs:sh as ons Suuas ee © oleate’ Pro. Log. ee 1.4835 
Correction for parallax .... — 48 3........ Petes eyin 48’ gives 5” map A 
Corrected distance .... ... 7648 7..Parallaxinalt...48 w# 5 \ (XXXV.) 
76 04 , a 
Third correction ...... Pa bir fn Me oem se at eees Sees rag Oe 
TRUS DISTANCE) 5s here sai 76 0 4 at 
Dist. at XV. hours N. A.... 76 48 45....... were ty wa te ee ..and Pro. Log. 0.3483 
PHROCCERCE) ss 0n)s's aids ote ets AS Blewes ak'viewdhis sauce hen endo .-Pro. Log. 0.5679 
—— hms. 
Proportional part of time............ deb GS 34 iets wever whew een ..-Pro. Log. 0.2196 
Time of distance by Naut. Alm. ......-. 15 
Mean time at Greenwich ........ee000. 16 48 34 Jan. 9. 


To find the Mean Time at Ship, and thence the Longitude. 


. h. m. Ss. 4M 
Tae aie 5 712 Jan.9 Sun’s dec. (p. II. N. A.) Jan. 9.. — 22 ‘5 46S. 


Do. when time alt. was obs. 7 48 22 Re eT re (XXI.).. — 659 


Interval between the obs .. 2 41 10 Sun’s declin. at Greenwich time.... 21 58 47 S. 


Time at Green. when the ; 
distance was taken.... \ 1 Mig Mise Po pedis 
Do. when alt. was obs..... 19 29 44 Jan. 9. Sun’s polar distance ............-. 68 1 13 


* These Tables may be obtained of the Author, or Publisher, at 157, Leadenhall Street. 
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/ 4a 

Obs. alt. of sun’s L.L.... 65 25 10 

Index error to subtract.. — 1 15 

65 23 55 

mM. s. Corr.TablelX.+11’.7= + 11 42 

Eq. oftimeby NA. 7 25.56 ——— 

Hour. diff. + 03 | 20. 08 Sun’s true altitude ...... 65 35 37 
X19$h.=20.08= ‘“~ Sun’s polar distance...... 68 1 ..Co-secant 0.03278 


Ship’s latitude ......eee... 17 30 ..Secant... 0. 02058 


Eq.at Green. time 7 45.64 —_——- 
SF pees? Sum Wuetsaducanercania LOK 64 


ed 


Half-sum .....0.00.0. 75 33 ~—..Co-sine... 9.39713 


Remainder ...... - 9 574 ..Sine...... 9. 23788 
h. m. s. ere 
App. time at ship when the time altitude was observed 1 42 6..Log...... 8. 68837(XXXI.) 


Equation at Greenwich mean time .......00...eeceseees.-. 7 46 
Mean time at ship when the time altitude was observed 1 49 52 Jan. 10. 
24 


Ditto SOS Cee eeeseerseeeeeeeeeeeeeerses Ditto *®eeeeteeSsoe teeseeee eeee 25 49 52 Jan. 9. 
Mean time at Green. when the time altitude was obs.... 19 29 44 Jan 9. 
oO / 


—_——_—. “ 


Longitude in time when the time altitude was taken... 620 8=95 2 00 E. 


or 


Difference of Longitude made during the interval......... — 30.0 E. 
Longitude of the ship when the distance was observed ... 94 32 00 E. 


EXAMPLES FOR EXERCISE. 


1. May 8, 1866, in latitude 34° 31’ N., and longitude by account 
50? 10’ W., at about Th. 56m. A. M., mean time at ship, suppose the 
distance between the sun and moon was observed to be 83° 1’ 10"; at 
the same time the altitude of the moon’s upper limb was 41° 42’ 20’; and 
the altitude of the sun’s lower limb 33° 45’ 40”; the height of the 
observer's eye being 18 feet, and the instruments adjusted: required the 
true longitude of the ship. 

Answer. The true distance 83° 6’ 36”;* mean time at Greenwich, 
23h. 16m. 2s. past noon of May 7; mean time at ship 19h. 55m. 36s. ; and 
the true longitude of the ship 50° 6’ 30” West 

2. June 25, 1866, P. M. at ship, in latitude 18° 36’ S., and longitude 
by account 47° 50’ W., when a chronometer which was 3m. 40s. fast for 
Greenwich mean time, shewed 3h. 8m. 40s. (being June 26, A. M. at 
Greenwich), suppose the distance of the moon’s remote limb from the star 
Fomatnaut, was observed to be 83°.15' 15”; the altitude of the moon’s 
lower limb 69° 45’ 30’; and the altitude of the star (Hastward of the 
meridian) 25° 55’ 10”; the height of the observer’s eye being 18 feet, 
with the instruments adjusted: required the true longitude of the ship, 
by the lunar observation and chronometer. 

Answer. The true distance 82° 44 50’; the mean time at Greenwich, 
15h. 4m. 34s.; the mean time at ship 11h. 52m. 37s, on June 25; the 
longitude of the ship by the lunar observation 47° 59'15” W., and by the 
chronometer 48° 5’ 45” West. 

* NorE.—All the true distances and longitudes in the Examples for Exercise, are computed 
: by CoLEmMAN’s Lunar and Da Tables. —Edition 1857, 
Q 
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3. July 2, 1866, A. M. at ship (civil time), in latitude 40° 11’ S., and 
longitude by account 166° 28’ E., when a chronometer shewed 5h. 20m. 5s. 
P.M., being 6m. 28s., fast of Greenwich mean time; suppose the angular 
distance of the moon’s nearest limb, from the centre of the Planet Mars 
was observed to be 82° 15’ 53’; at the same time the altitude of the 
moon’s lower limb was 54° 45’40”; and the altitude of the planet’s centre 
being 13° 30’ 30" (Hastward of the meridian); the height of the observer's 
eye 22 feet, and the index error of the sextant which measured the distance 
1’ 10” to add: required the mean time at the meridian of the ship by the 
planet's altitude, and thence the longitude when the distance was observed, 
by the lunar observation and the chronometer. 

Answer. The true distance 82° 28’ 53”; the mean time at Greenwich 
5h. 14m. %s.; the mean time at ship 16h. 19m. 3s.; the longitude by the 
lunar observation 166° 14’ 00” E., and by the chronometer 166? 21’ 30" E. 

4, February 22, 1866, P. M., mean time at ship, in latitude 42° 10’ N., 
and longitude by account 125° 36’ W., when a chronometer which was 
2m. 14s. slow for mean time at Greenwich, shewed 4h. 11m. 17s. A.M. 23d, 
suppose the angular distance between the moon’s remote limb and the star 
Reautus (« Leonis) to be 71° 32’ 40”; at the same time the altitude of 
the moon’s upper limb 62° 31’ 80": with that of the star 30° 59 45” 
(Hastward of the meridian); the height of the observer’s eye 24 feet, with 
the following index errors to be applied, viz., to the observed distance add 
0’ 20”; from the moon’s altitude subtract 1’ 35”; and to the star’s altitude 
add 1’ 10": required the mean time at ship, when the altitude of Regulus 
was taken; also, the true longitude of the ship by the lunar observation 
and chronometer. 

Answer. The true distance 71° 4’ 13’; the mean time at Greenwich 
16h. 18m_ 52s. ; the mean time at ship by the star’s altitude Th. 51m. 58s. ; 
the longitude by the lunar observation 125° 28’ 30” W.., and by chronometer 
125° 238/15" W. 

5. August 4, 1866, A. M., at ship (civdl time), in latitude 30° 30’ N., 
and longitude by account 25°40’ W., when a chronometer, which was fast 
of mean time at Greenwich 2m. 10s., shewed 9h. 21m. 7s., being A. M., 
the altitude of the sun’s lower limb was 27° 45° 30”; and at A. M., ship 
time, when the same chronometer shewed lh. 15m. 1%s., P. M., suppose 
the distance between the sun and moon was observed to be 80° 28’ 15”; 
the altitude of the sun’s lower limb at the same time 74° 50’ 50”; and the 
altitude of the moon’s upper limb 18° 16’ 10”; the height of the observer’s 
eye 18 feet, with the instruments all properly adjusted: required the 
longitude of the ship by the lunar observation and chronometer, when 
the sun’s altitude was taken for time. 

Answer. The mean time at the meridian of the ship when the sun’s 
altitude was observed for time, 19h. 36m. 38s., August 3, consequently 
the chronometer was at that time fast of the ship’s meridian by 
lh. 44m. 29s.: the true distance 80° 8’ 9”; and the corresponding 
Greenwich mean time 25h. 12m. 56s. August 3: the mean time at ship 
23h. 30m. 48s. past noon, August 3: and hence the longitude by the lunar 
observation 25° 32’ 0” W., and by the chronometer 25° 34’ 45” W. 
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6. December 25, 1866, A.M., at ship (civdl time), in latitude 16° 40’ 
_S., and longitude by account 162° 45’ W. at lh. %m. 40s. P.M. by a 
chronometer which was slow by 12m. 20s. for mean time at Greenwich; 
suppose the distance of the moon’s nearest limb from the Star ALpesaran, 
(or « Tauri) to be 75° 56’ 30"; and the altitude of the moon’s upper limb 
59° 31’ 10"; with that of the star 20° 1/15” :—and at 5h. 56m. 40s. P.M. 
by the same chronometer, the altitude of the sun’s lower limb was 23° 44 40"; 
the ship being then in latitude 16° 11'S., the height of the eye at each 
observation being 16 feet, and the instruments properly adjusted : required 
the true longitude of the ship by both lunar observation and chronometer, 
when the sun’s altitude was taken, to determine the error of the chronometer 
in mean time at that meridian. 

Answer. The true distance 76° 6’ 57”; mean time at Greenwich, 
when the distance was observed lh. 19m. 49s. past noon, December 25 ; 
mean time at-ship when the altitude was taken for time 19h. 18m. 34s.: 
consequently the chronometer was then fas¢ of that meridian by 10h. 38m. 6s. 
mean time at that meridian when the distance was taken 14h. 29m. 34s, ; 
the longitude by lunar] 62°33’45” W.,also bythe chronometer 162°36’30” W. 

7. September 18, 1866, about 2h. 50m. P.M. mean time at ship, 
in latitude 35° 18’ N., and longitude by account 129° 25’ W., when a 
chronometer which was s/ow of Greenwich mean time 14m. 50s., shewed 
1lh. 7m. 10s. P.M the altitude of the sun’s lower limb 37° 50’ 40”; and 
about 1h. 10m. afterwards, when the same chronometer shewed 12h. 17m. 5s,, 
suppose the distance between the sun and moon to be 110° 54’ 15”; the 
altitude of the sun’s lower limb 23°55’ 40” ; and the altitude of the moon’s 
upper limb 18° 13’ 30”; the height of the eye 18 feet ; the errors of the 
sextants being, viz., from the distance — 0° 45”; to the sun’s altitudes 
+ 1’ 15”; and from the moon’s altitude — 1/10”: required the true longitude 
of the ship when the sun’s altitude was taken for time, both by lunar 
observation, and the chronometer. 

Answer. The mean time at ship when the sun’s altitude was taken for 
time_2h. 44m. 49s. September 18, consequently the chronometer was fast. 
of that meridian by 8h. 22m. 20s ; the true distance 110° 56’ 23”, the cor- 
responding time at Greenwich 12h. 32m. 8s.; and hence, the longitude by 
lunar observation 129° 21’ 0” W., and by chronometer 129° 17’ 45” W. 

8. October 31, 1866, in latitude 30° 10’ S. and longitude by account 
40° )’ EK. about 8h. 30m. A.M. apparent time at ship, the altitude of the 
sun’s lower limb being 39° 15’30”, and at 15m. 24s. after the sun’s altitude 
was taken, suppose the distance between the sun and moon (measured by 
the same sextant) to be 82° 14’ 30”; the index error being 1’ 30" —, and the 
height of the eye 24 feet: required the sun and moon’s apparent altitudes 
when the distance was taken, and thence the true longitude of the ship. 

Answer. The mean time at the ship when the sun’s altitude was 
observed 20h. 14m. 30s., and when the distance was taken 20h. 29m. 54s. 
October 30; the sun’s apparent altitude 42° 43°19’; the moon’s apparent 
altitude 37° 38’ 30”; and the true distance 82°11’ 47”; the corresponding 
mean time at Greenwich 17h. 50m. 5s. October 30; and consequently the 
true longitude of the ship 39° 57’ 15” East. 
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METHOD OF KEEPING 


A JOURNAL AT SEA. 


=< Se 


A SEA JOURNAL is a book wherein is registered an exact and re- 
gular account of the various occurrences that happen on board a ship 
during her voyage; but more particularly those concerning the ship’s way, 
in order that her situation may be known at any time required. 

For this purpose there is kept in the steerage, or some other convenient 
part of every ship, a large board, painted black, called the Log Board, 
which is usually divided into six columns ; the first, on the left hand, con- 
tains the 24 hours from the noon of one day to the noon of the following ; 
the second and third columns are for the knots and fathoms the ship runs 
in half a minute, or the miles and parts in an hour ;* the fourth column 
contains the courses steered by the compass; in the fifth the winds are 
entered ; and in the sixth the various remarks, such as the state of the 
weather, the sails set or taken in, the observations made for ascertaining 
the ship’s place, the variation of the compass, and whatever else may be 
thought necessary. All these particulars are entered every day at noon 
into a book, divided into columns exactly like the log-board, and called 
the Log Book. From this book the navigator makes the necessary deduc- 
tions, relating to the ship’s place, every day at noon; which operation is 
called a Day’s Work. 

While the ship is in port, the remarks entered in the log-book are called 
Harbour Work ; and the account of the ship’s way, &c., kept at sea, is 
termed Sea Work. 

In harbour-work the day is estimated according to the civil reckoning, 
as on shore, that is, from midnight to midnight; but at sea, the days’ 
works being made up at noon, are dated the same as the civil day, so that 
the days’ works marked Monday, began on Sunday at noon, and ended on 
Monday at noon; hence the day by the ship’s reckoning, which is called 
the nautical day, begins twelve hours before the civil day;+ the first 
twelve hours, or those contained between noon and midnight, being marked 
P. M., signifying post meridiem, or afternoon; and the other twelve hours, 
A M., signifying ante meridiem, or before noon.t 


* In the Royal Navy, and on board ships that undertake an East India, or other long 
voyage, the log is hove every hour, but in short trading vessels only once every two hours. 
This last circumstance makes no difference in the computation, excepting that the knots and 
fathoms run on every course by the log, must be doubled, to give the whole distance. 

+ In compliance with an order from the Admiralty, the Navy Logs are dated at midnight, 
ia order to correspond th the civi] mode of reckoning time. The turm of a Navy Log will 
be shewn hereafter. 

t As the astronomical day begins at noon of the civil day, which is the end of the nautical 
day, the declination of the sun, used in determining the latitude by a meridian altitude, is 
taken out from the Tables or the Nautical Almanac, for the noon of the civil day. 
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When a ship is bound from one place to another that lies so far from 
her that she is obliged to leave the land, at the time of losing sight of it, 
the bearing of some place is to be observed, whose latitude and longitude 
are known ; which, together with the estimated distance of the ship from 
the land, is to be set down on the log-board. ‘This is called taking a 
departure. 'The distance may, however, be more accurately known by 
taking the bearing twice, and noting the ship’s course and distance between 
them, as shewn in the first example of Oblique Sailing, page 112. 


TO CORRECT THE COURSES STEERED BY COMPASS. 


The variation of the compass, which is usually found by observation, as 
already explained, must be applied to all courses steered, and on all bear- 
ings taken by the compass, in the following manner. Suppose yourself 
placed at the centre of the compass, and looking directly forward to the 
point you are to allow the variation from ; then, if the variation be easterly, 
allow it to the right hand of the course steered, or bearing taken by com- 
pass; but if westerly, to the left hand; by which you will obtain the true 
course. 

For example, suppose the course steered by compass is N. E. by N., and 
the variation is | point westerly; now, 1 point to the left hand of N.E. by N. 
is N. N. E., which is the true course required. Again, suppose I set a 
cape, and find it bear from me S. W. by compass, the variation being 12: 
point easterly ; here 13 point allowed to the right hand of S. W. will give 
5. W. by W. 3 W., the true bearing of the land. 

The courses must likewise be corrected for leeway, the nature of which 
may be thus explained. When a ship is close hauled, and the wind blow- 
ing fresh, that part of the wind which acts upon the hull and rigging, 
together with a considerable part of the force exerted on the sails, tend to 
drive her immediately from the direction of the wind, or, as it is termed, to 
leeward. But since the bow of a ship exposes less surface to the water than 
the side, the resistance will be less in the first case than in the second ; the 
velocity, therefore, in the direction of her head, will, in most cases, be 
greater than the velocity in the direction of her side, and the ship’s real 
course will be between the two directions. Now the angle contained 
between the line of the ship’s apparent course, and the line she really describes 
through the water, is termed her Leeway. 

The quantity of leeway to be allowed, will depend upon a variety of 
circumstances ; as the mould or trim of the ship; the quantity of sail she 
carries; her velocity through the water; the sails being properly set to 
receive the action of the wind, &c.: hence no general rules can be laid 
down with accuracy that will determine the quantity of leeway at all times. 
The following have, however, been usually given by most writers or 
Navigation. 

1. When the ship is close-hauled, has all her sails set, the water smooth, 
with a light breeze of wind, she is then supposed to make little or no 
ieeway. ; 

2, When the top-gallant sails are handed, allow one point ; 

3. When under double-reefed topsails, one point and a half, 
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When under close-reefed top-sails, two points ; 

When the top-sails are handed, three points and a half 

When the fore-course is handed, four points ; 

When under the main-sail only, five points ; 

When under the balanced mizen, or mizen stay-sail, six points; 
. When under bare poles, seven points. 


As these allowances depend entirely on the quantity of sail set, and the 
neave of the sea, without having any regard to the form of the ship, or 
nature of the cargo she may have on board, it is evident they can only be 
considered as probable conjectures, and may indeed serve to work up the 
day’s work of a Journal that has been neglected. But since the computation 
of a ship’s way depends much upon the accuracy of this allowance, it should 
always be the duty of the officer of the watch carefully to observe the 
leeway, and either allow it upon the courses steered before they are put 
down on the log-board, or else set it down in a column reserved for that 
purpose. 

The leeway that a ship makes may be easily estimated thus: draw a 
small semicircle on the taffrail, with its diameter at right angles to the ship’s 
keel, and divide its circumference into points and quarters; then observe the 
angle contained between the semidiameter which points right aft, and that 
which points in the direction of the wake, and it will be the leeway required. 
But the most accurate method of determining the leeway, is to have a semi- 
circle drawn on the taffrail, as before described, with a low crutch or swivel 
in its centre. ‘Then, after heaving the log, the line is to be slipped into 
the crutch just before it is drawn in, and the points and quarters con- 
tained between the direction of the log-line and the fore and aft line of the 
semicircle, will be the quantity of leeway. 

The leeway being determined, it is to be allowed from the wind, that is, 
to the right hand of the course steered, when the larboard tacks are aboard, 
and to the left hand when the starboard tacks are aboard,* supposing your- 
self looking from the centre of the compass towards that point the ship’s 
head is directed to. For example, suppose a ship sails 8. W. by S. by 
compass, with her starboard tacks aboard, and she makes one point leeway; 
her course corrected for leeway will be S. S. W., being one point to the left of 
her course by compass. Again, if a ship close-hauled sails N. E. when the 
wind is N. N. W., and makes 123 point leeway, her true course will be 
N. E. by E. 3 E.; because, having her larboard tacks aboard, 13 point is 
to be counted to the right hand of the course by compass. 

The Examples in the following ‘lable, where the courses steered, with 
the leeway and variation to be allowed on each, are given, from thence to 
find the true courses, will serve to exercise the learner in the foregoing rules, 


OO EDT 


© When a ship is close-hauled, certain rope, called tacks, which are fastened to the lower 
corners of the main and foresails, are hauled forward on the weather side, or that next the 
wind, in which case those tacks are said to be aboard. When a ship is close-hauled, that is, 
when she sails as near the wind as she will lay, with the wind on the right hand, she has her 
starboard tacks aboard, and is said to sai] on the starboard tack. But if the wind be on the 
left hand, in the same manner she hag her larboard tacks aboard, and is said to sai] en the 
larboard tack. 
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; i 
TO FIND. 


Courses 


steered. Courses corrected. 


lll aod 


bo — bo 
Pa[orOp—eap Oba 


In hard blowing weather, with a contrary wind and a high sea, it is im. 
possible to gain any advantage by sailing; in such cases, therefore, the 
object is to avoid, as much as possible, being driven back. With this 
intention it is usual to lie-to under no more sail than is sufficient to prevent 
the violent rolling which the vessel would otherwise acquire, to the endan- 
gering of the masts, yards, and rigging. When a ship is brought-to, the 
tiller is put gradually over to leeward, which brings her head round to the 
wind.* ‘The wind then having very little power on the sails, the ship loses 
her way through the water, which ceasing to act upon the rudder, her head 
falls off from the wind, the sail which she has set fills, and gives her fresh 
way through the water ; which, acting on the rudder, brings her head again 
to the wind. ‘Thus, the ship has a kind of vibratory motion, coming up to 
the wind, and falling off from it, alternately. 

When a ship is lying-to, observe the points on which she comes up and 
falls off, and take the middle point for the apparent course; on which 
allow the variation and leeway, and you will have the true direction of the 
drift. For example, suppose a ship lying-to under a main-sail, with her 
starboard tacks aboard, comes up E. by S., and falls off N. E. by E., there 
being one point westerly variation, and she makes 5 points leeway ; what 
course does she make good? ‘The middle point between E. by S. and 
N. E. by E. is E. by N., from which allowing 5 points to the left hand, 
because the starboard tacks are aboard, gives the course, corrected for lee- 
way, N.N.E.; from which allowing 1 point to the left hand, because the 
variation is westerly, will give the true course N. by E. 

In sailing along a coast, in a tide or current, particular care should be 
taken to observe its setting, which, with the variation allowed, is to be 
entered in the Traverse Table as a course, and its drift as a distance; the 
same is to be observed for the heave or swell of the sea. 


* It may be here mentioned as a caution, that when the tiller is put over, it should be 
lashed within half a turn of the wheel, in order that the rudder may have free play ; and on 
no account should the helm be put hard over to leeward, as that would endanger the rudder, 
pintles, and gudgeons, or might even loosen the stern-post, by heavy seas striking against 
the back of the rudder: many serious accidents have occurred for want of due precaution in 
this respect. 
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On leaving the land, the opposite point to its bearmg from the ship, with 
the variation allowed, and the estimated distance from it, are to be set down 
in the Traverse Table as a course and distance. 

The computation made from the several courses, corrected as above, and 
their corresponding distances, is called a Day’s Work ; and the ship’s place, 
as deduced therefrom, is called her Latitude and Longitude by Account or 
Dead Reckoning. 

If the course and distance made good by a ship, as estimated from the 
compass and the log, could be accurately ascertained, nothing more would 
be necessary in determining a ship’s place at any time during her voyage ; 
for the course and distance being known, the difference of latitude and lon 
gitude, and hence the latitude and longitude she is in, may be readily founa 
by any of the methods shewn in the various sailings ; but on account of the 
many accidents that attend a ship’s way, such as swelling of the sea; dif- 
ferent rates of sailing between the times of heaving the log; want of care 
at the helm; unknown currents ; sudden squalls; improper allowances for 
variation and leeway ; the inaccuracy of the glass and log-line, &c.; the 
latitude of the ship, as deduced from the reckoning, will frequently differ 
considerably from the latitude by observation, and hence the difference of 
longitude, and longitude in by account will be likewise erroneous. Now, as the 
latitude by observation is always depended on, it remains, therefore, to cor- 
rect the ship’s longitude by account. For this purpose, examine whether 
the log-line and half-minute glass be just; and if you find they are not, 
correct the distance by the rules given in pages 61 and 62, and with the 
eorrected distance and the course, find a new difference of latitude and 
departure ; then, if this difference of latitude applied to the latitude left, 
give a latitude nearly the same as by observation, the error may be con- 
sidered as sufficiently corrected, and the difference of longitude is to be 
found with this new latitude or departure. But if there still remain a con- 
siderable difference between the latitudes by account and by observation, 
consider carefully if the leeway and variation have been properly allowed ; 
whether the ship’s motion may not have been affected by a current, or 
heave of the sea; and if so, make the best estimation you can for its setting 
and drift. | 

If, after all proper allowances are made for errors in distance, currents, 
&c., the latitude by account and observed latitude should still disagree, it 
is then recommended by some authors to correct further for supposed errors 
in the courses and distances. Thus, if the course be near the meridian, the 
srror is supposed to arise from the distance ; because the error in the course 
must be sensible, to make any considerable error in the difference of latitude; 
if the course be nearly east or west, then the error is supposed to result 
from the course, as an error in the distance must be very great, to make a 
considerable one in the latitude; but if the course be near 4 points, then 
the error in the latitude is attributed partly to the course, and partly to the 
distance. ‘The rules founded upon these suppositions, it must be confessed, 
are, in general, little better than guess-work; and are, therefore, omitted 
in this Work, being deemed useless, and frequently leading to greater errors 
than those they are intended to correct. 
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Notwithstanding that all the supposed corrections be applied with the 
greatest care to the ship’s reckoning, it is frequently found, on making the 
land after a long voyage, that the longitude deduced from the dead reckon- 
ing alone, will differ very considerably from the truth: a good navigator 
will therefore lose no opportunity of ascertaining the ship’s place by celestial 
observations ; carrying forward the latitude so found, by applying to it the 
difference of latitude made from day to day by the reckoning, and to the 
longitude determined by a lunar observation, the difference of longitude 
made by chronometer, until another observation be taken. A separate 
statement is usually made of the longitude by dead reckoning, and of that 
by observations. 


GENERAL RULES FOR WORKING A DAY’S WORK. 


1. Enter in a Traverse Table the several courses steered, corrected for 
variation and leeway; and opposite each course place the whole distance 
run, as it appears by the log on summing up the knots and fathoms while 
the ship is on that course. Find the difference of latitude and departure 
answering to each course and ‘distance, and set them down in their respec- 
tive columns; then the difference between the sums of the northings and 
southings will be the difference of latitude made good, of the same name 
with the greater; and the difference between the sums of the eastings and 
westings will be the departure made good, of the same name with the 
greater quantity. 

2. Seek in the several pages of the Traverse Table until the above dif- 
ference of latitude and departure be found together in their respective 
columns: opposite to these will be the distance made good; and at the top 
or bottom of the page, according as the departure is less or greater than 
the difference of latitude, will be found the true course. 

Or, it will save trouble, especially when the variation is given in degrees 
and the ship has made several courses during the 24 hours, if the magnetit 
or compass courses (corrected for leeway only) be entered in the Traverse 
Table; then with these courses, and the distance run on each, find the 
corresponding difference of latitude and departure, which will give the 
magnetic course, and the distance made good in the whole day ; this 
course then being corrected for variation, will give the trwe course, with 
which, and the distance already found, you will obtain the ¢rwe difference of 
latitude and departure. 


3. If the latitude from which the ship’s departure be taken, or yester- 
day’s latitude, be of the same name with the difference of latitude, add them 
together ; if not, take their difference; the sum or remainder will be the 
latitude at noon, by account, of the same name with the greater. 


4, Find the complement of the middle latitude between yesterday’s and 
to-day’s latitude, which take as a course in the Traverse ‘Table, and seek 
for the departure im its column; then will the distance corresponding to 
these be the difference of longitude, of the same name as the departure. 

Res 
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Or, seek for the course made good, and for the meridional difference of 
latitude in a lat. column; then will the corresponding departure give the 
difference of longitude, as before. 


5. If the longitude of yesterday be of the same name with the difference 
of longitude, add them together ; if not, take their difference ; the stm or 
remainder will be the longitude in, of the same name with the greater. 


6. To find the bearing and distance of the intended port, or any otner 
place, from the ship, find the complement of the middle latitude between 
the ship and the proposed place ; which seek in the ‘Traverse Table as a 
course: in that page where it is found, look for the difference of longitude 
mn a distance column, opposite to which will be the departure in its proper 
column ; with this departure and the difference of latitude, find the true 
course or bearing, and the distance as before. 

Or, look for the meridional difference of latitude and difference of longi- 
tude, till they are found opposite each other in the lat. and dep. columns. 
and they will give the ¢rwe course; this course and the proper difference 
of latitude in the lat. column, will give the distance in its proper column 

If the magnetic course or bearing be required, the variation must be 
allowed on the true bearing ; to the right-hand, if the variation be westerly, 
or to the left-hand, if easterly. 

There are various methods of keeping a Sea Journal, with regard to what 
deserves to be recorded, according to the sentiments of different persons : 
some approve of a journal including the log-book, each day’s work at some 
length, and such occurrences as seem of most importance; while others 
prefer a short abstract of this long journal, containing little more than the 
course and distance run, the latitude and longitude in, and sometimes the 
bearing and distance to the intended port, for each day. ‘There are like- 
wise forms peculiar to the particular service to which a ship belongs, as in 
the Royal Navy and East India Merchant Service. ‘These forms will be 
shewn hereafter. 

We shall now proceed to exemplify the above Rules; first, by a few 
examples of separate Days’ Works, and afterwards in a Journal from Lon- 
don to Madeira, kept in the form generally used in merchant ships, and 
containing most of the occurrences that happen to a ship in a common 
voyage, with supposed observations for ascertaining the latitude, longitude, 
variation, &c. 


Nore. In the following Days’ Works and Journal, which are worked by 
inspection, the log is supposed to be hove every hour, and the knot divided 
into eight fathoms of six feet each. Also in all the astronomical observa- 
tions introduced in this Journal, the height of the observer's eye is sup. 
vosed to be 18 feet. 
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EXAMPLE I. 


Yesterday, at noon, we were, by observation, in latitude 19° N., and in longitude 
23° 4’ W.; and have sailed till noon this day, as per log; the variation of the compass being 
1 point West: required the course and distance made good, with the prezent latitude and lon- 
gitude of the ship. 


H. | K.| F.| Courses. Winds. “a Remarks. 
1;5/4/]S.W.4 W. N. E. Moderate and clear, in the first and middle ; 
2;5)|2 parts; latter, thick and cloudy, with 
3}5)4 drizzling rain. 

4/5 
5 | 5 
6 | 5 
714/16 A stranger, shewing English colours, in the 
; N. E. quarter, standing to the southward. 

10 | 4 

ll} 3] 4 

12/3) 4 
1/4 N. W. E. N. E 
2) 4 
3/3|2 ‘ 
4|3 
s ‘ Ss. W. Set the fore-top-mast studding sail. 

d 4 |4] S.S. W. An increasing breeze and clondy, with rain. 
9|7 

10 | 8 

11: 7/4 

| 12 7 Variation 1 point West. 


Diattelt- cee 19° ON.... Mer. Parts 1161 


ped Lat.in.by acc. 17 38 N.... Mer. Parts 1075 


8.0 Sum of lats.... 36 38 alae 
*_ | Middle lat. ... 18 19 Mer. diff. lat. 86 


7.8| 90. 2 |Dep.| 59.5 90 ea 
fe 8 


Co. mid. lat Jl 41 


Diff. lat.| 82. 4 


The first course steered by compass, viz. S. W. 4 W., being corrected for 1 point West 
variation, makes the true course 8S. W. 4 S.; and the knots and fathoms, summed up to 
midnight, give the distance run upon the first course, 55 miles: in the same manner the other 
courses are to be corrected, and, with their corresponding distances, are to be set down in a 
Traverse Table, as above. No leeway is allowed on the courses in this day’s work, because 
the ship is going large. 

The whole difference of latitude 82’. 4, and the departure 59’. 5, give the course made good 
S.36° W., and the distance 102 miles. 

The co. middle lat. 71° 41' as a course, and the departure 59.5 in a dep. column, give the 
diff. of longitude 62’.5 in a dist. column, by Middle Latitude Sailing. 

Or, the course 36°, and mer. diff. of latitude 86’ in a lat. column, give the diff. of longitude 
62’. 4 in a dep. column, by Mercator’s Sailing. 

The difference of longitude 62 miles, or 1° 2’ W., added to the longitude of yesterday, 
23° 4! W., because they are both of the same name, gives the longitude in to-day 24° 6 WwW 
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EXAMPLE II 


Yesterday, at noon, we were in latitude 85° 2’ N., and longitude 17° 45’ W.3; at 7 o’clock, 
P. M., the sun was observed to set W. 43° N. by compass, his declination being at that time 
18° 56’ N.3 and we have sailed this day till noon, as per log, in a current setting S. W. J mile 
per hour all day ; required the course and distance made good, and our present latitude and 
longitude. 


H.|K.|F.| Courses. Winas. |Lee- Remarks. 
ha heel MEA Se MGT th SEITE laf fs he 
1) 5 N. E. by N.} ES. EL Moderate breezes. 
2/5 /]2 
3/5 | 2 
4|5 
5|5|4 
6 | 5 
71|416 The sun set W.43°N., by which the variation 
&8|4|2 1s found to be 19° 29’, or 12 point, West. 
9|5 
10 | 5 
11} 5/2] N.N.E. East. 1 | Fresh gales. In 2d. reef of the topsails, 
1215 
1/4]6 
2/4 |2 
3/3 | 6 
4{;3/4|N.E.3N. | E.byS. | 1 
5 | 3 
6|3 
7|\3 
8/|2)4 Cloudy. 
91.2 
10;2)|4 
11|}2]4 
12 | 2 Lat. by obs. 36° 16’ N. 


Before the courses can be corrected, the variation of the compass must be found by the 
amplitude taken at sunset. Now the ship’s course from noon to 7 o’clock is N. E. by N., and 
the distance run 36 miles: but allowing the variation at last observation to be about 13 point 
westerly, the corrected course will be N. by E. 4 E.; with which, and the distance 36 miles, 
the diff. of latitude made good since noon is found to be 34’ N.: this, added to the latitude 
at noon, 35° 2! N., gives the latitude in, at sunset, 35° 36’ N.; with which, and the declina- 
tion 18° 56’ N., the true variation is found as follows :— 


Latitude ...... 35° 36’ N....Secant 0. 08986 Courses. 
Declination... 18 56 N....Sine... 9.51117 


—— | N. by E.} E. 
Trueamp.W. 23 31 N....Sine... 9.60103 | x? 3 W. 


Mag.amp.W. 43 ON. N. } E. 
S.S. W.4 W. 
Variation .... 19 29, or 14 point West. eet 


The courses being corrected for variation 
and leeway, with their corresponding dis- 
tances, together with the set and drift of the 
current, will be as in the Traverse Table. 


On summing up the columns of the Traverse Table, it appears that the ship has sailed due 
North: hence her distance made good is 73.5 miles, the same as the difference of latitude ; 
and her longitude is the same as yesterday. 

The difference of latitude 73.5 miles, or J° 14’ N., added to the latitude left, 35° 2’ N., 
gives the latitude in, 36° 16’ N. 
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EXAMPLE III. 


Yesterday, at noon, we were in latitude 38° 20’ S., and longitude 10°34’ E. At 5 o’clock 
in the afternoon, the sun’s bearing by compass was observed to be N. 75°10! W., his core 
rected altitude being at the same time 22° 15’, and declination 18° 47’ S.; and we have sailed 
till this day at noon as per log: required the course and distance made good, the latitude 
and longitude in, with the course and distance to the Cape of Good Hope. 


Courses. Remarks. 


E. 8. E. 


The first and latter part of these 24 hours a 
moderate breeze and cloudy; the middle, 
light airs and calms, attended with rain. 


Variable. 
S. by WwW. 


South. In Ist reefs of the topsails. 


No Observation. 


~ 
Ps 


Supposing the variation of the compass at last observation to have been about 2 points 
westerly, the ship has sailed nearly due East from noon to 5h, P. M.; consequently the latitude 
at that time may be considered the same as at noon. Now, with the latitude 38° 20” S., the 
altitude 22° 15’, and the declination 18° 47’S., the true azimuth is found to be N. 96° 54’ W.. 
which, compared with the magnetic azimuth, N. 75° 10’ W., gives the variation 21°44’ W. 


The several courses, corrected for variation to 
the nearest degree, and for leeway after 7 o’clock 
A. M., with their corresponding distances, will be 
as inthe Traverse ‘Sable; but it is to be observed, 
that as the distance run from noon to 6h. P. M., 
and from 11h. P. M. to 6h. A. M., are on the same 
course, this course is to be corrected, and with the 
sum of the corresponding distances, 55 miles, 
entered in the Traverse Table as a single course and 
distance 


Courses. |{Dist.) N. 


S. 89° E. | 55 
S.67 E. | 4 
N.85 E. | 28 {2.4 


Diff. lat.' 0. 2: 


By the Traverse Table, it appears that the ship has sailed due East: hence her departure 
is equal to the distance run, and the latitude to-day is the same as that of yesterday. The 
difference of longitude is found by Parallel Sailing, as follows :— 

The co. latitude 51° 40’ as a course, and the departure 86’.6 in a dep. column, give the 


diff. of longitude 110/ in a distance column. ‘ 
The diff. of longitude 110, or 1°50’ E. added to the longitude of yesterday 10° 34‘ E. 


gives the longitude of the ship to-day at noon, 12° 24’ E. 
To find the Bearing and Distance of the Cape of Good Hope. 


Lat. ot C. of G. Hope 34° 22! S....... Mer. Parts. - 2198 Long. of C. of G. Hope 18° 24’ E. 
Latitude of ship...... 38 20 S.......Mer. Parts... 2494 Longitude of Ship...... 12 24 E. 


a 
eee 


Diff. of latitude. ..... 3 58=238' Mer. diff. tat. 296 Diff. of longitude...... 6 O=260 


Hence the bearing of the Cape of Good Hope is N. E. 4 E., and the distance 375 miles 
The course by compass is therefore N. 72° 22’ E. or F N.E. 4 E. nearly. 
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EXAMPLE IV. 


Yesterday, at noon, we were in latitude 6° 38’ N., and longitude 26° 10° W. At7 o'clock 
this morning we observed the distance of the sun and moon, which gave our longitude at that 
time 26°58’ W.; and, by double altitudes, we were in latitude 7 4 47' N. at 10h. 30m. A. M.: 
required the course and distance made good by the log, the latitude and longitude at noon 
by dead reckoning, and the same by the observations. 


Lee- 


way. 


H. K.| F. Courses. Winds. Remarks. 


— 
— 


a N. W. by N. | N. E. A pleasant breeze with fair weather through- 
out. 


OCN OS Sm Ooh 


6 
6 
5 
5 
5 
5 
5 
5 
5 
5 
4 
4 
5 
(5 
+5 
5 
+5 
5 
5 
5 
6 
6 
6 
6 


Variation by azimuth 8° W. 


' The variation 8° W. being allowed to the left of N. W. by N., gives the corrected course 
N. 42° W.; and the knots and fathoms summed up, give the distance run by the log in 24 
hours, 128 miles: hence the difference of latitude is 95’. 1, and the departure 85.6 miles. 


Latitude left......... sat, OOo, Ne Latitude left..... 6° 38’ N. 
Diff. of latitude 95',or 1 35 N. Latitude in...... 8 13 N, 
Latitudein by account 8 13 N. Sum .ecccvessecoeee 14: Sl 


Middle latitude.. 7 25 
Com. of mid. lat. 82 85 


The com.,of middle latitude 82° 35’, and the departure 85’. 6, give the difference of longi- 
tude 86 miles, or 1° 26’ ; which, added to the longitude of yesterday, 26° 10’ W., gives the 
lungitude in, by account, 27° 36’ W. 


To reduce the Observations to Noon. 


The course N. 42° W., and the distance run from 10h. 30m, A. M., till noon, viz. 9 miles, 
give the diff. of latitude 7’ N. ; which added to the latitude by double altitudes 7° 47’ N., their 
sum, 7° 54’, is the latitude by observation reduced to noon. 

The course N. 42° W., and the distance run since 7 o’clock in the morning, 30 miles, give 
the departure made in that interval 20’. 1, and the diff, of latitude 22’. 3. 


Lat. by observation at noon...... 7° 54’ N,. Lat. at noon...... 7° 54’ N. 
Diff. of lat. from 7h.A.M.tonoon — 22 N. Lat.at7h.A.M.. 7 382 N. 
Lat. by obs. at 7h. A. M. eovccccce 7 32 N. Sum eeecccccorcocose 15 26 


Middle latitude... 7 43 
Com. of mid. lat. 82 17 


The com. of middle latitude 82° 17’, and the departure 20’. 1, give the diff. of longrtude 
made from 7h. A.M. to noon, 20’ W.; which added to 26°58! W., the longitude by the observa- 
tion, their sum, 27° 18’ W., will be the long. by observation brought on to noon. 


JOURNAL 


OF A 


VOYAGE FROM ENGLAND TO MADEIRA, 


IN THE SHIP 


BRITANNIA, 
GEORGE COLEMAN, COMMANDER, 


Kept py A. B. Martin, Mare. 


1866, 


N.N. W,| breeze from the westward. At 3h. P.M. came to with the best 
bower off Gravesend. Received a chronometer on board, 
which was lm. 45s. slow for Greenwich mean time, and losing 
daily 2.5s. 


Date. Winds. Remarks on Board the Ship Britannia, 12866. 
Thursday, |S.S. W. Moderate and clear. -At 6h.A.M. the Pilot came on board. 
June 7. At 8h. A. M. cast loose from the sheer hulk at Deptford, and 
S.W. | made sail down the river. At 2h. P.M. anchored in Long 
Reach, and moored ship with a cable each way. 

Friday. W. by S. Fresh gales with showers. P. M. received on board the 

June 8. | carpenter’s and boatswain’s stores. 
Saturday. S.S.W. Light airs and fine weather. At 6h. A.M. unmoored, and 
June 9. to hove short on the best bower. At noon weighed with a light 


Sunday. W.N.W. Moderate weather and fair. At daylight weighed and made 
June 10. sail. At lh. P.M. anchored with the best bower at the Nore, 
in 9 fathoms. At 5h. P.M. weighed and sailed through the 
Queen’s Channel. At 8h. 30m. P.M. came to with the best 

bower at the back of Margate Sand. 


Monday. . by E.| Moderate wind and cloudy, with showers. At 6h. A.M. 
June 11. weighed and made sail. At 8h. A.M. ran through the Gull 
Stream, and came to an anchor in the Downs, in 7 fathoms, 
about 1 mile off shore, Deal Castle bearing W.N.W., the 
N. South Foreland S.W., and the North Foreland N .N.E. 

P.M. the Pilot left the ship. 


ee eS ee ee 


Tuesday- N.N. E. A pleasant breeze with fair weather throughout. A.M. em- 
June 12. ployed filling up the water, stowing the booms and boats, 
and getting all clear for sea. At 10h. A.M. weighed and 
made sail. At noon the South Foreland upper Lighthouse 
bore N.N.W.., distant about 4 miles. 

This log contains 12 hours, and ends at noon, to commence 
sea logs. 
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Sutep BRITANNIA from EnGuanp towards Maprira. 


i. | K.j| F.. Gourses. Winds. eee Remarks, Wednesday, June 13, 1866. 
1} 1 | 2 W.S.W.$W.! N.N.E. Light winds and clear. 
wont 4 3 
32 
4/3 
5|3|2 
6/3 /4 | 
7|3 | 
813] 4 | 
9/2/4 | W.4N. 
4 2|\4 Dungeness Light North. 
3 
12 | 3 | 
1/3 | 4 | 
2/4 
luke oe 
4/4/2 | Beachy Head revolving Light W.N. W. 
5|4/4 
6 | 5 | :) } in Ist. Fook of the topsails. 
Fidofponk:- Fol 
BG: ae 
9 | 7 W.N.W.iW. N. E. Brisk gales. 
17] 4! 
HM} s| | | | ) 
12°84 Bembridge Point N.N. W. } W. 
4: : Latitude. | Diff. | Longitude. Bearing and 
Bape | List. tee | Dep. | Acc. Obs. ‘long. Acc. Obs. __ Distance a noon. 
atlas 
Chr. 
H.|K.| F.| Courses. Winds. oe Remarks, ile kit June 14, 1866. 
1/8 W.N.W. |N.E.byN. Fresh breezes aust fair throughout. 
218 At 4 past 1 abreast of St. Catherine’s Point, 
3 | 8 off shore about 3 miles. 
4:7\6 
5|7 | 2 St. Aldan’s Head N. W. 4 W. 
6/7 West. 
7h 7 
8 | 6) 4 . 
9/16; Portland Light N. N. W. 
10 6 
Il 6 
12. 6 E. N. E. 
1t 5 
2: § 
3.5/4 Out reefs of the topsails. 
4\5 
55 
6. 5 
7.6 N. W. by W. 
8 6 Two strange sail in sight on the weather 
9/6 bow, standing up channel. 
10 | 6 
11/5 W. by N. 
12 | 5 At noen mustered the ship’s company. — 
| t.| Diff! p Latitude. | Diff. Longitude. Bearing and 
Ste! Jat. | °P* | Acc. | Obs. |long.| Acc. Obs. Distance at noou. 


>) 
Chr, 
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‘Sur BRITANNIA from ENGLAND towards Maprira. 


- ( = Dy 
H. | K.| F. Courses. | Winds. mt. Remarks, Friday, June 15, 1866. 

1 W. by. N. | E.N.E. A brisk wind and clear, in the first and mid- 
2 dle parts; latter thick, cloudy weather, 
A | | with drizzling rain. 7 
5 { 

6 At 6 P.M. the “jizard bore N. E. by N. 
7|4 distant 3 leagues; from which I take my 
8}3/4 departure. 

9!'31/6 
10) 3 
WH] 3]. N. by W. 
12|}316 

1,4 

2/4/4,/,S.W.4 W. 

3) 5 

415 A. M. stowed the anchors, unbent the cables, 
515 and coiled them down in the tier. 
6;41]4 

7\|416 

8! 5 

9; 5 
1016 At noon sounded. Ground 76 fathoms ; 
11/5 sand, shells, and hakes’ teeth. 
0 all ke a ie Variation 2} points West. 


C D; Diff, | D Latitude N. | Diff. | Longitude AVG Bearing and 
BES Ry-ielat. ©P- \Ace. | Obs. long.| Acc. Obs. | Distance at noon. 
ert) Go| 40 loa att 26 | po on D te ee 
ees 8h is, | w. (f 88 w. [OF lone. | 


As the Lizard is the last point of land in sight, the ship’s departure is taken from thence, 
supposing it to be in latitude 49° 58’ N., and longitude 5° 11’ W.: now, as the bearing of 
the Lizard from the ship was N. E. by N., the bearing of the ship from the Tizard was 
S. W. by S.3 but as this is the bearing by compass, the variation 2} points W. is to be allowed 
to the left hand, which will give the true bearing S. 3 W.; this is to be entered in the 
Traverse Table as a course, and 3 leagues, or 9 miles, the supposed distance of the Lizard 
from the ship, as a distance run. The courses, corrected for variation, and the distance run 
by the log, after 6h. P. M., are also to be set down in the Traverse Table, as follows :— 


The diff. of lat. 64.7 S. and departure 49’. 1W. 
give the course made good from the Lizard 
ae eee S. 387° W., and the distance 81 miles. 


True 
Courses. 


Lat. of the Lizard 49°58’ N. Mer. Parts. 3471 
Diff.of.lat.65m.or 1 5S, 


Diff. lat. 64.7 |Dep. 49.1 


Lat.in by acc....... 48 53 N. Mer. Parts.. 3372 
Sum of latitudes... 98 51 Senate 
Middle latitude... 49 25 Mer.diff.lat. 160 
Co. mid. latitude.. 40 35 acy 


The course 37°, and the mer. diff. of lat. 100’, give the diff of long. 75’.2 ; or the co. mid, 
lat. 40° 35’ as a course, and the departure 49’.1 in a dep. column, give the diff. of longitude 


in a dist. column 75.5 miles, or .......00.00- Se hats Tada aaa nno tek Lo ere, WN 
Longitude of the Lizard ........000. 5 IL W. 


Longitude in by account ...ccccccceee 6 27 W. 


The course and distance made good, the whole diff. of lat. and departure, the lat. and 
long. in by acgount, &c. are now to be set down in their respective columns, as above. 


Ss 
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SHIP BRITANN. NIA from ENGLAND towards MApEIRA. 
H. | K. a | Courses. Winds. - |Lee- Remarks, Saturday, June 16, 1866. 


725 PS puree | males sacar cachet 
1/5) 4 Ss. W. |.N . by W. A moderate breeze with fair weather for the 
215 most part; latterly thick and cloudy. 
35 
4/4/4 N.W.byN. 
5 | 4 : 
6) 4 W. by S. 4 
714 
8/3] 6 In Ist. reef of the topsails. 
9/3) 2 
10} 3 Tacked ship. 
11 | 3 N. W. by W.|S.W. byW.| 1 
12/3 
1 | 2 
2); 2 At 2h. A. M. the mer. alt. of the star a Aquile 
3/3 or Alvair, was 50°14’S., which gives the lat. 
4/4 48° 22! 00°N, 
5 | 4 Tacked 
6|4|/41] S.by E. 4 
7\|4|4 Out reefs of the topsails. 
8! 5 
915 Tacked. 
101; 5 West. S.S.W. | 4 | Spoke a brig, bound to Newfoundland. 
11} 5 
12 | 5 | Variation 2} points West 
: Diff. | Latitude N. ! Diff. | aap tbe W. Bearing and 
Course. | Dist. lat. Dep: Ace Obs |long.! Acc. Obs. Distance a noon. 


aay ae ee Cape Finisterre, 
Ss. |W. | S.134° W., 319m. 


The courses corrected for variation and EST: with their corresponding distances, will be 
as in the following Traverse Table. 


S. 42° W. | 64’ 


With the diff. of latitude 47’. 4 S. and the dep. 
42'.3 W., the course is found to be 8. 42° W. 
and the distance 64 miles. 


True 
Courses. 


13.3 Yesterday’s lat. 48°53’ N. Mer. Parts... 337° 
19.8] Diff. of lat....... 47 S. 


Sum of lats. ... 96 59 siecchd 
Middle lat. ..... 48 29 Mer. diff.lat. 70 
12.8; Co. mid. lat. ... 41 31 . cae 


Diff. lat. 47.4] Dep.' 42.3 


The latitude found by the star a Aquile The course 42° and mer. diff. of lat. 70’, 
at 2h. A.M. being brought forward by the give the diff. of long. 63’; or the co. mid lat. 
log. from that time to nvon, places the ship 41°31’, with the dep. 42’.3, give the dilf. of 
in latitude 48° 6’ N. long. 64m., ORs si abacus tiene dengeels ro 4 WwW, 

Yesterday’ 8 longitude.........+4- 6 27 W. 


Longitude in by account ..... 7 31 W. 
To find the Bearing and Distance of Cape Finisterre. 


Latitude of ship Glens AB? GOING isons Mer. Parts... 3301 Longitude of ship..... 7°31 W. 
Lat. of C. Finisterre 42 56 N... .. Mer. Parts... 2858 Long. of U. Finisterre 9-16 W, 


een 


Diff. of latitude...... 5 10=310. Mer. diff.lat. 443 Diff.of longitude 1 45=108? 


The mer. diff. lat. 443’, and diff. of long. 105, give the true course or bearing S. 134° W.; 
which course, and the proper diff. of lat. 310m., give the distance 319 miles, The magnetic 


er compass bearing is S. W. 4 S. nearly 
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Suip BRITANNIA from Ena@uanp towards MapEIRa. 
BE cb heRS Te eee 


Hh OO Shee. ke 
I. a Courses. Winds. 4 Remarks» Sunday, June 17, 1866. 
1 | 5 West. S.S.W. | } | The first part a fresh breeze and cloudy; the 
2'5 | ; middle and fatter clear weather, and less 
3/4) 6 wind, with a heavy swell from the S. W., 
4|\4 for which I allow 12 miles. 
5'4:4 People empioyed pointing a new main-sail, 
6,4) 2 and drawing and knotting yarns. 
7|4 At 7h. 56m. P. M. the sun set W.58°50/ N. 
8 | 4 by compass, which makes the variation 
9 | 4 | 22° 31’, or 2 points, West. 
10) 4 
il | 3° 6 4 | Saw a stranger, under all sail, standing to 
12;3'6; the N. Eastward. 
1|3)\4 
2 | 3 | Pumped ship at 14 inches water. 
3.3 
4/3 
52 W. S. W. South. 1 
6 | 2 | At 5h.15m. A. M. the mer. alt. of the star 
7 | » ee 4 Marcab was 56° 43/35" S., which places 
8/2 4 the ship in latitude 47° 50'19" N. 
9/2 6 
10;2 4 
fll | 3. Obs. mer. alt. of ©’s L. L. 65° 29’ 20” S.: 
12'3 | hence the lat. by obs. is 47° 42’ 59” N. 
Reker | Thi Latitude N. | pisr,| Longitude W Bearing and 
Course. | Dist.) 7,4, | PeP-| “Ace. | Obs. long.| Acc. Obs. Distance at noon. 
aya wer 21¢ | 72 Viboechluscsar| 10S aby ~ Cape Finisterre, 
pee We) 7 big | wy [4748 [47°88 | we | 1% Che, South, 287m, 


This day the swell setting from the S. W. is supposed to drive the ship 12 miles to the 
N. E., which, corrected for variation, is N N. E.; these are therefore set down as the last 
course and distance in the Traverse Table. 


With the diff. of lat. 20’. 6, and the departun; 
72’.5, the course is S. 74° W., and the distance 
75 miles, 


Yesterday’s lat... 48° 6’N. .. 48° 6’ N. 
Diff. of lat. by acc. 21 S. 


Lat. in by ace.... 47 45 N. (Obs.) 47 43 N. 


‘True ‘Dist | N 
__ Courses. | 4 és 
W.S.W. 4 ll 44 
W.S. W.%4 W.|. 20 
S. W. by W. | 20 


N.N.E. 
“ay 12} 11.1 


Sum of latitudes ...... 95 49 
1.1 Dae ‘4.6 oo: Mid. latitude ...... eae 
rt ; Co. mid. latitude ...... 42 6 


! LP ymeety The co. mid. lat. 42° 6’, and the departure 
Diff, lat,| 20.6 Dep. 72.5] 79/5 give the diff. of long. 108/ or... 1° 48°W 

The diff. of lat. made between noon and  £Yesterday’s longitude..........0.... 7 3) W- 
sunset, vix. 10’S., subtracted from 48°6’ N.,the — 
lat. at last noon, gives the lat. 47° 56’ N. at Longitude in by account ......... 9 19 W, 
7h. 56m. P. M., when the amplitude was taken. 

The lat. 47° 50’ N. at5h. 15m. A. M., bythe Nore.—The course being large, the diff. of 
star’s mer. alt., being brought up to nocn by long. is found by middle latitude in pre. 
the log., makes the lat. 47°, 44’ N. ference to Mercator’s Sailing. 


To find the Bearing and Distance of Cape Finisterre. 
Lat. of ship by obs... 47° 43’ N. ...... Mer. Parts... 3266 Longitude of ship...... 9°19’ W 
Ivat. of C. Finisterre 42 56 N. ...... Mer. Parts... 2858 Long. of C. Finisterre 9 16 W, 


Diff. of latitude... 4 47=287’ Mer. diff.lat. 408 Diff. of longitude...... 3’ 
Hence the true course is nearly South, the compass course S$, S. W., and the dist. 287 miles, 
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SuHip BRITANNIA from ENGLAND towards MADEIRA. 


K.|F.| Courses. | Winds. ['@%| Remarks, Monday. June 18, 1866. 


H. 
hichas fy a elm ERNIE shoo 


Se en ee 


1/3 

213 Mostly fresh breezes throughout, with cloudy 
313/2! weather, and rain at times. 

41/3/3 In Ist. reef of the topsails. 

5 | 4 

6 | 4 

7\|4|4 Tacked ship. 

815 S. S. E. | S.W. | 4 | At 10h. 8m. P. M., the obs. alt. of the Polar 
915 Star was 46° 19’ N., which gives the lati- 

10 | 5 tude 47° 19’ 11" N. 

11 | 5 S. by E. |S.W.by W. 

12; 5 |2 At 12h. the foot rope of the mizen topsail 
1/5)]4 gave way ; unbent it, and bent another. 
Bel Sap i2 
3/5 | 
415|/4] S.by W. | W.byS. At 9h. 26m. 14s. A. M. the alt. ©’s L. L. was 
5 | 5 | 6 50° 37! 30”, bearing by compass S. E.; and 

6 at Ilh. 24m, 34s. the alt. ©’s L. L. was 
6 | 65° 43° 10”, which gives the lat. by double 
6 altitudes 46° 6’ N. 

7 

7 

6 

6 Variation 2 points W est. 


; __. | Diff. Latitude N. | pif, |_ Longitude W. Bearing and 
Course. | | Dist. lat. Dep. Acc. | Obs, | long.; Ace. Obs. Distance at noon. 
A ie Vg hls. ») ‘| Cape Finisterre 
° / OVW ° 8 o W/ ~ 
S.7 E. | oF 8.1 BE. (OM Ae SL ee cee. S. } W., 187m. 


The diff. of latitude 91’. 5, and dep. 11’. 9, give 
the course S. 7° E. and the distance 92 miles. 


True 
Courses. 


S. | E. 


Dist.| N. 


' 24.5] Yesterday’slat.byobs. 47°43'N. Mer. Pts. 3266 


W. wey WOT 9 
SE} = 15 “hag 11.1 Diff. oflat-byacc.92’or 1 32S. 
EB. Ca .6|14.4 ; pe a Se 
“S. by a 4 an 10.9 Lat. in by account ... 46 11 N. 
| Diff. lat, 91.5 36.4 |24.5| Lat. in by obs..........46 3 .N. Mer. Pts.3120 
| 24.5 


Mer. diff. of lat. by obs. ......+.. 146 


Dep. | 11.9 The course 7°, and the mer. diff. of lat. by 

obs. 146’, give the diff. of long....... 0°18’ E. 

The lat. by the Polar Star at 10h.8m. P.M. Yesterday’s longitude.......... eos 9 19 W 
being 47° 19’ N., and the ship having made cione 


by the log 76’.5 of southing to noon, give Longitude in by account.......... 9 1W 
the lat. at that time 46° 2’ N. 


The latitude by double altitudes, when the greater alt. was observed, is 46° 6’ N., which, 
corrected for the run of the ship to noon, places. her in lat. 46° 3’ N. at that time. 


To find the Bearing and Distance of Cape Finisterre. 


Lat. of ship by obs.. 46° 3/N., ...... Mer. Parts... 83120 Longitude of ship..... 9° 1’ W, 
Lat. of C. Finisterre 42 56 N. ...... Mer. Parts... 2858 Long. of C. Finisterre 9 16 W. 


Diff. of latitude..... 3 °7=187' Mer. diff. lat. 262 Diff. of longitude...... 15’ 


_Hence the true course is about S.4 W., the magnetic course $ S. W.34 Wz, and the 
distance 187 miles. 


JOURNAL. 


Sarr BRITANNIA from Eneuanp towards MApEIRA. 


—_ 


H. ie GPF. | Courses. Winds. = Remarks, Tuesday, June19, 1866 

tk le 6 | S. BY by Wee | W. by S, Freih breenes throughout, with fair weather 
217 and smooth water. 

3/17 | People employed under the Boatswain.— 
4\/6/6) | Carpenter making a top-mast studding- 
5 | 6 | | sail boom. 

hy : | 4 | S. by E. 15. .W.byW. Sail-maker making a quarter-deck awning. 
8 | 6/4 | 

9/6) 4, 

10 | 6/4) Tacked. At 10h. P. M. obs. alt. of the Polar 
Il | 6 | 6 | West. South, Star was:44 2’ N., which makes the lati- 
12 | 7 tude 45° 3’ N. 

117) | 

917 

3\/7\4 At 6h. 30m. = M. the sun’s azimuth by 
4/8 compass was S. 81° 10’ E., the alt. of its 
4 | 8 L. L. 19° 46’ 10”, and the lat. brought 
€\ 3 on by the log from 10h. P. M., 44°39’ N., 
rer | 4 which give the variation 22° 32’ W. 
8,74) Passed by a ship under American colours 
917 |2) W.hyS standing to the eastward. 

BOs 72 | 4 Mer. alt. ©’s lL. L. 68° 56’ 00” S., hence the 
11/7 | S. by W lat. by obs. 44° 18/53” N 

12|7 


Scots Powe! P| pep. | Laeiade Ne Disr. | ongizade Vi — 


laa! oa i Bearing and 


Course. | Dist. |? at. | Dep.| 


3 Ace. _ | Obs. (long. t Ace. <—s Distance at noon. 
‘104’ | 677.5 96" Cape Finisterre 
oWw t © yQ/A4o r| / } 
8.33 \ | 124 S. WwW. 44 19 44 19 W. 10° fh S, 35° Ex 101.5 


Magnetic Dist. 


Cour ses. In this Traverse Table, the magnetic or com- 
mea pass courses are entered, which give the diff. of 
S. by W. lat. 69’.5, and the departure 102’. 6; correspond- 
S. by E 32 ing to these are the magnetic course S.56° W., 
eae is and the distance 124 miles. 
gee Magnetic or compass course, S. 56° W. 
Diff, lat. Variation by azimuth .......0000 23 W. 
True course S ecandeascade ck cancun oo W 


The true course S. 33° W., and the dis- 
tance 124 miles, give the true diff. of lati- 
tude 104’. 0, and the true dep. 67.5 miles. 


Yesterday’s lat. by obs. 46° 3’N. Mer. Pts. 3120 
Diff. of lat. 104m. or 1 44S 


Lat. in by account ... 44 19 N. Mer. Pts. 2972 


The course S. 33? W., and the mer. diff. 
of latitude 148’, give the diff. of longitude 


Sum of latitudes ...... 90 22 Mer.diff.lat. 148 96m. OF ........seecereceeeee savecee Pa baa 55" 
Mid. latituce.........006 45 11 — Yesterday’s longitude eeevecces Oke We 
Co. mid. latitude ...... 44 49,and the dep. 67’.5 : 

give the diff. of longitude 96 miles. Longitude in by account ...... 10 37 W. 

To find the Bearing and Distance of Cape Finisterre. 

Lat.of ship by obs.... 44° 19/N....... Mer. Parts... 2972 Longitude of ship...... 10°37’ W 
Lat. of C. Finisterre. 42 56 N.......Mer. Parts... 2858 Long. of C. Finisterre. 9 16 W. 
Diff. of latitude. .... 1 23=83' Mer. diff. lat. 114 Diff. of longitude ....... 1 21=8! 


Hence the true bearing of Cape Finisterre is S. 35° E., or S, 124° E. 


distance 101.5 miles. 


by compass, and the 
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Sure BRITANNIA from EnGLANp towards Mapeira. 


F.| Courses. Winds. ker Remarks Wednesday, June 20, 1866. 


H. | K. 


ee 


| 
seest 
| 


5 
W.by N. |S. W.byS.| 13 | At daylight more moderate. Set the top- 
sails double reefed, and the main-sail. Up 
top-gallant yards. 
6 West. S.S.W. | 14 | Fair weather. Out all reefs of the top-sails. 
2 Set the top-gallant sails. 


ONES Ot OS LO = bo 


1;6/|6]| W.byS. S. by W. | Strong breezes, with rain, attended with 
2/6)\2 hard squalls, thunder, and lightning. 
316 ! In Ist. reef of the topsails. 
4/15 
5 | 5 Tacked. 
6 | 5 S. E. by S. |S. W byS.} 1 | Squally. In top-gallant sails. 
715 In 2d, reef of the top-sails. 
8 | 4 Down top-gallant yards. 
9| 4 8. S. E S. W. i 
10 | 4 Hard squalls. Handed the mainesail and 
ll | 3 | 6 mizen top-sail. 
123 Close reefed, and handed the fore and main 
| - up 8S. by E 5 top-sails, and brought the ship to under a 
= off SE. by E. fere-sail, mizen, and main stay-sail. 
-| -|fupW.byS.}| Variable. Wore ship. 
,—! fe NWbyW 
3 
8 
4 
4 
4 
4 
| 4 
| 4 


Variation 2 points West. 


Latitude N. | Diff. Longitude W. Bearing and 
Ace. | Obs. |long.| Acc. Obs. Distance at noon. 
| 40 11° 17'|> Cape Finisterre _ 
Ww. Chr. S. E. by E. } E. 105m, 


It appears by this day’s log, that the ship has been lying-to from’ midnight to 4h. A. M.; 
therefore the middle points between those the ship comes up to and falls off to, corrected 
for leeway, as directed in page 303, together with the drift, which is here assumed at 
1 knot an hour, are inserted in the Traverse Table as the fourth and fifth magnetic courses 
and distances. 


Magnetic The diff. of lat. 15’. 4, and dep. 37’. 9, give the 

5 Courses. magnetic course 6 pts.or W.S. W., and the dis- 
OATS ETRE oe PO RS SE mas org ueny Me ae PA iT. 

W. by S. 5.7 28.4 The variation 2 pts. West, allowed on the mag. 

S. E. 9.9; 9.9) netic course W.S. W., give the true course S. W., 

S. E. by § 12.5 8.3) which, with the dist. 4] miles, give the true dilf. 

eee 2.0 Ayes of lat. 29’.0S., and the true departure 29’.0 W. 

W.N.W.EN. 8.8] Yesterday’s lat.......44°19/ N....Mer. Parts. 2972 

W.N.W.3W. 20.1] Diff. lat. by acc....... 29 S. \ 


28.120. 2/58.14 Latitude in by acc. 43 50 N....Mer. Parts. 2932 
12.7 [20.2] Sum of latitudes ...88 9 oe 

[37.9 Mid. latitude......... 44 4 Mer. diff. lat. 46 
Diff. lat. |15. 4 Dep.| 37.9} Co, mid. latitude ...45 56 “au 


The comp. of mid. lat. 45° 56’, and dep. 29’. 0, or the course 4 pts., and mer. diff. of lat. 40’, 
give the diff, of long. 40/ W., which added to yesterday’s long. 10°37’ W., give the long. in by 
act. 1 be 17’ WwW. 


To find the Bearing and Distance of Cape Finisterre. 


Latitude of ship...... 43°50! N......Mer. Parts ... 2932 Longitude of ship......11°17! W. 
Lut. of C. Finisterre.. 42 56 N......Mer. Parts ... 2858 Long. of C. Finisterre 9 16 W 


Diff. of latitude ...... 54! Mer. diff. lat. 74 Diff. of longitude...... 2S 


Hence the true bearing of Cape Finisterre is S. E.by E. 4 E., or S. E. 3 S, bv compass, 
nnd the distance 105 miles. 
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SHIP BRITANNIA from Buia tow: ards Mipiior. 


a 


a June 21, 1866, 


West. eee W am poe 1 | Fair Weather throughout. 


At 6h.16m. P.M. the ©’s azimuth by compass 
was N. 52° 20’ W., the altitude of his L.L. 
16° 40’ 20", and the latitude 43’ 45’ N.,* 
W.byS. | S.by W. which give the variation 21° 2’ W. 


S.W.by W.| S.by E. | 4 | At 10h. 22m. P. M., the mer. alt. of the star 
Antares wus 20° ates which makes 
the latitude 43° 33° 7’ 


4 
+ 
4 
4 
4 
4 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
4 
4 
4 
4 
4 
4 


4 
2 
Mer. alt. ©’s L. L. 70° 38’ 10’ S., hence the 
4 lat. at noon by obs, is 42° 37/40" N 
pe ae Latitude N. | pisf.{ Longitude W. Bearing ind eee 
Course. | Dist. eich al Acc. Obs. | long. ~ Ace. __ Obs. Distance at noon. 
SS ST See / _ Porto Santo 
3 Ss. 8. 46° W. -| 103! ‘ox | te 42° 38'| 42°38 W, s 0 Giri S, 15° W., seins 
Saag Dist. N.} 8. E. | W. {the ma: metic course S. pe W, and the distance 
————$————— are a eee LO Tes. 
Ww. by N.4N. “20 4.9 i 19.4 The variation 21°W.., allowed on the magnetic 
West. 15 | 15, 0 { course, give the true course S.46° W., which 
SW.b. W3W| 35 16.5 | 30. 9 j with the distancé 103m., give the true diff. of lat. 
Ss. we: 4l 29.0 29.0% 71.5, and true departure 74.‘1, 


—— Yester ‘slat byacc. 43° 50’ N. Mer. Parts 2932 
4.9/ 45.5] Dep. 94.3] Diff.oflat.71.50r 1 12S. 
| — 4.9 ere 


Lat.in by account. 42 38 N. Mer. Parts 2833 

Diff. lat. 40 6! Sum of latitudes ... 86 28 a 
= : Middle latitude ... 43 14 Mer.diff.lat. 99 

In working up the log. from noon to (14 nid latitude... 46 46 

6h. 10m. P. M., the latitude,when the Azi- ‘The co, mid.lat, 46°46 ,with thedep. 74’.1, give 

muth was taken, is found to be 43° 46 Ns the diff of long. 101m. orthe course 46’, and mer. 

and the longitude by account at that time gig Jat 99 give the diff. of lone. 102’. 5. 

11° 5)’ W., with which, the variation is Yesterday’s long. by ace. Tie k ‘V7! Ww. 

found as above. Diff. of long. 102.5m. or...... 1 43 W. 


Longitude in by Account ... 13 0 W. 


To find the Bearing and Distance of Porto Santo. 
Lat. of Ship by obs. 42° 38’ N............ Mer. Parts... 2833 Longitude of ship... 13° 0’ W. 
Lat. of PortoSanto 33 3 N.........---Mer. Parts... 2103 Long.of Porto Santo 16 19 W. 


Diff. of latitude ... 9 35 = 575’ Mer. diff. lat. 730 Diff. of longitude... 3 19= 199’ 

The mer. diff. lat. 730/, and the diff. of long. 199’, give the true course S. 15° W.; this 
course and the proper diff. of lat. 575’, give the distance 596 miles. The course to be steered 
is therefore S. 36° W,, or S, W. 358. nearly. 
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Suie BRITANNIA from EyvG.Lanb towards MADEIRA. 


K.|F.| Courses. Remarks, Friday, June 22, 1866, 


| 
| 
| 


Variable light breezes and calms, with hot 


1) 4 

2/4 sultry weather throughout. 

3}3/| 6 People and tradesmen employed variously. 

4}/3/2 

5) 3 Tried the current, and found it setting N. Hi. 

3 E | : et ae by N.at the rate of 4 a mile per hour. 

813! 

9 | 2! At 12h.31m. P.M. the mer. alt. of the star 
10 12 Lyra or Vega was 86°27 /45!'S,which gives 
Le)? the lat. 42° 16/11’N. 

12 | 1 

1 At 4h.30m. A.M. the sun’s amplitude by 

2 compass was E, 12°14’N.and thelat.42°16’N. 

3 which give the variation 20° 18' W. 

4 Calm. 

5 At 8h. A. M. observed as follows:— 

6 |) Timesby Chron. Obs. alt. Sun’s L.L, 

a S. W. by S. |N. E. by E. * 20h. 47m, 58s. 36° 35! 30" 

8; 1:16 49 2 47 40 

9i/2| | 504 56 30 
10} 2] 4] E. by N. : 
Il | 3: Obs. mer. alt. ©’s L. L. 71° 12/44”S.; hence 
12!'3|6 the lat. at noon by obs. is 42° 2. 58’ N. 
Course. | Dist. 


Diff. D Latitude N. | Diff. Longitude W. Bearing and 
lat. | °P |" Kec. | Obs. tenet Acc. Obs. Distance at noon, _ 
ee) Se a Fy: Ly Ap) ae Porto Santo 
S. 24° W.| 35'| 'g) | w. | 42°68 | 42°38) w, [18°20 one, 13° 2°] §. 16° W., 563m. 


By this day’s log, it appears that the current set N. E. by N. by compass, and the drift was 
at the rate of half a mile per hour, making 12 miles in the 24 hours ; these are therefore set 
down in the Traverse Table as a course and distance. 


Magnetic |). 3 The diff. of lat. 24’. 9, and dep. 24’. 4, give the 

Courses. : * | magnetic courseS. 44° W. and the dist. 35 miles. 
oe 9 ame eee The variation 20° 18/ W. allowed on the mag- 
netic course S, 44° W., gives the true course 
S. 23°42’ W., which, with the distance 35 miles, 
gives the true diff. of lat. 32’. 0, and true depar- 
ture 14’, 2. 


Yester.’s lat.byobs. 42°38’ N. Mer. Parts 2833 
Diff. of lat. by ace. 32 S. 


Lat.in by acc....... 42 6N. 

* The chronometer was received on buard Lat.in by Oba waned 42 3 N. Mer.Parts 2786 
June 9th, when it was Im.45s. slow for — 
Greenwich mean time, and losing 2.5s. daily: a Mer. diff. lat. by obs. 47 
the interval being nearly 13 days, gives the The course 24°, and the mer. diff. of lat. b 
accumulated rate 82.2s. The longitude by obs. 47’, give the diff. of long........0 0° 21' W. 
chron. at the time of the above observations Yesterday’s long. by acc. ......18 0 W 
is 12°59 15” W., and the diff of long.to noon 
3° W. being added, places the snip in longi- Longitude in by account ......13 21 W 


tude 13°2/15” W. 

To find the Bearing and Distance of Porto Santo. 
Lat. of ship by obs.... 42° 3’ N.......Mer, Parts... 2786 Longitude by chron. 13° 2/ W. 
Lat. of Porto Santo... 33 3 N.......Mer, Parts... 2103 Long. of Porto Santo 16 19 W 


——s 


Diff. of latitude...... 9 O=540' Mer. diff.lat. 683 Diff.of longitude ... 3 17= 197 
Hence the true course is 8. 16° W., magnetic course S.36° W., and distance 562 miles 


JOURNAL. 321 


Sp BRITANNIA from Enaranp towards Maperra. 


fd al | in Courses. | Winds. iat Remarks, Saturday, June 23, 1866. 
1| 4 S.S.W.4W.| E. by N. An increasing breeze throughout, with fair ; 
2 4|4 weather and smooth water. : 
5 
. e Stayed the masts, set up the rigging, and 
Ree ae rattled it down fore and aft. 
| e ; 
( 5 | 6 Variable. At 8h. 36m. P. M., when the chronometer 
8 i 6 shewed 9h. 24m. 56s. P. M., the altitude of 
9 6 the star A quilz was observed tobe 15°44’40” 
10 | 6) 4 S. E. by E. East of the meridian, the index error being 
1 | 7 V 10” +; making the long. 13° 12’ 0” W, 
12 | 7 which, worked baek to the lost neon by the 
4 : log, gives the longitude 13° 3 0” W. 
3 5 In Ist reef of the topsails. 
4'8 S.W.by W.| 5S. E. At 7h. 10m. A. M. observed as follows :— 
5 7 Times by Chron. Obs, alt. Sun’s L. Le 
6/7|4 20h. 2m. 56s. 27° 30’ 30” 
7 7 6 S. W. Ss. E, & S. 3 50 38 20 
SUT tL? 4 659 46 40 
9/8 which give the long. at noon 14° 2’ 304 W, 
10 | 8 Obs. mer. alt. of Sun’s L. L. 73° 39 11”S.: 
11 |7|4 which gives the lat. at noon 39° 35/ 56” N. 
12'7|4 | Variation 12 point West. 
C Dist, | Di | de Latitude N. | piff,|_ Longitude W. Bearing and 
eee pee lat. P+\"Ace. | Obs. |long.| Ace. Obs. Distance at noon. 


= 


»)) Porto Santo, 
Chr.14°3’ | S.154 W. 408m. 


The courses being this day corrected for variation with the corresponding distances, will 
be as in the Traverse Table. 


ae cas Mae" | 40 
8.17° w.| 153° | 146" | 46° 


39° 37/|39° 36" oe lace! 


The diff. of lat. 146’.3, and departure 45’. 7, 
give the true course S. 17° W., and the distance 
153 miles. 


True 
Courses. 


iDist.| N. | S 


BE.) W. 


Sg W. | 88 87.0 12.9] Yes.lat. by obs. 42° 3’N. Mer. Parts 2786 
S.W.7S. | 22 17.7 13.1] Diff.lat.146’ or 2 26 S. 
S.S.W.4 W.! 46 41.6 19.7 seen 
y ee ad ———j Lat. in by ace. 39 37N.(obs.)39° 36’M. Pts.2591 
| Diff. lat.'146.3 Dep, 45.74% Sum of A 81 40 ( a 
The lat. at8h. 36m. P.M., brought on from Middle lat. ... 40 50 Mer. diff. lat. 195 


the last obs., is 41°20’ N. The meantime at Co. mid. lat.... 49 10 


the ship found bystar’s altitude is 8h.34m. 26s. ‘ . “ 

Thediff, of 1 made good between 7h.10m. The tae mid. latitude 49 10’, and the dey 
A.M. and noon, is 34’ S., which being added to 45-7, give the diff. of longitude 60°.5 3 or the 
39° 36’ N., the lat. by obs. at noon, give the course 17°, and the mer. diff. of lat 195’ give 


lat. 40° 10’ N., when the sights were taken for oe es ai wight Ae se H ot ws 
finding the long. bychron. ; these givethe long. ester ay’s long. by acc. «+... : 


at that time 13°41'30” W.,to which add the diff. 
of long. made to noon, viz. 21’ W., their sum 
14°2'30' W. will be the long. at noon by chron. 


To find the Bearing and Distance of Porto Santo. 


Longitude in by account ...... 14 21 W. 


ete 


Lat. of ship by obs. 39° 36’ N....... Mer. Parts... 2591 Long. ofshipbychron, 14° 3’ W. 
Lat. of PortoSanto 33. 3 N....... Mer. Parts... 2103 Long. of Porto Santo.. 16 19 W. 
Diff. of latitude ... 6 33=393' Mer.diff.lat. 488 Diff. of longitude...... 2 16=138 


Hence the true bearing of Porto Santo is S. 154° W., or S.by W. 4 W., and the distance 
408 miles. The course by compass is S, 36° W. =S. W. # S. nearly 
a Woy 
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Suip BRITANNIA from ENGLAND towards MADEIRA. 
ma Remarks, Sunday, June 24, 1866. 


m 


Courses. Winds. 

Ss. W. S.E. A fresh breeze throughout, with passing 

squalls, and rain at times; latter part fine 
clear weather. 

People and tradesmen employed as yesterday. 
Gunner painting the boats. 

At 6h. 30m. P.M. the sun’s azimuth by com- 
pass was N. 50° 18’ W., and the alt. of its 
L.L_ 11° 20’ 30”, which, with the latitude 
38° 50’ N., give the variation 18° 44’ W. 

S. E. by E. At 8h. 2m. P. M., when the Chronometer 
shewed 8h. 58m. 32s. P.M , the altitude of 
star Antares was observed to be 18° 21’ 25” 
East of meridian, Index error 1’ 10” + 
S. E. making the long. 14° 36’ 30” W., which 
worked back to last noon by the log, gives 
the longitude 14° J’ 30” W. 
At 8h. 0m. A. M. observed as follows :— 
Times by Chron. Obs. alt. Sun’s L. L. 
2lh. Om. 38s. 37° 5 20% 
S.W.4W. |S.E. by S, 1 50 17 40 
3 6 30 15 
which give the long. at noon 15° 40’ 00” W. 
Obs. mer. alt. ©’s L. L. 76° 24’ 20’ S., which 
gives the lat. by obs. at noon 36° 49’ 46” N. 


Latitude N. Diff. Longitude W. Bearing and 
Acc. | Obs. |long.| Acc. Obs. Distance at noon. 


Sieh alse peel (ioe © a |O=€ Porto Santo 
36°51" /36° 50"! yyy | 16° 9" la 15° 40'| Ss. 8° W. 229m. 


| 


am | 


MUNIN O62 00 Co STAT ATTA 20 co 02 > 00 Oo co CO cocontAT | FA 


— me ee 
COnna»krwneDwD ee SHOWS UHR b = 
no & 


oe 


Cr) 


Course. | Dist.| )., "| Dep. 


165’| 85’ | 
s. | Ww. 


The courses corrected for variation, per azimuth, to the nearest degree, with the corre- 
sponding distances, will be as under. 


The diff. of latitude 165’. 2, and the departure 
85’.0, give the true course S. 27° W. and, the 
distance ]86 miles. 

S.26°W. |148 c ; Yes. lat. by obs. 39° 36’ N. 39° 36’M. Pts.2591 
S.32 W. 38 ; Diff. lat. 165’ or 2 45 S. 


Diff. lat. |165, 2/Dep.|85.0] Lat. in by acce.36 51 N. (obs.)36 50 M. Pts.2380 


—— 


The lat. by acc. when the sun’s azimuth Sum of lats......... 76 26 M.D. L.211 
was observed at 6h.30m.P.M., was 38°50’ N. Mid. latitude ...... 38 13 ———< 
The lat. by acc. at 8h. 2m. P.M. when the Co. mid. latitude 51 47 


star Antares was observed, was 38°39'N. . ae Ned hecapet ts 51° 47’, and the dep. 85°, 

The lat. by acc. at 8h. Om. A. M., when ®'¥° te Tgp S21 dee vert aati 
the sights were taken for chronometer was em the “mer, did" oF Say ars Seem be oo 3 
37° 15' N., and the long. at sight was 15°20’ ong. 107.6 miles, Or 2 LE 1°48’ W. 
W., which being brought on to noon by the esterday’s long. by account...... 14 21 W, 
log., places the ship in long. 15° 40’ W. 


Longitude in by account............ 16 9 W. 


To find the Bearing and Distance of Porto Santo. 


Lat. of ship by obs. 36°50'N..... ...Mer. Parts...2380 Long. of ship by Chro.... 15°40’ W 
Lat. of Porto Santo 33. 3.N...... ...Mer, Parts...2103 Long. of Portn Sait -- 16 19 Ww. 


ein of aide aed Rial Mer. diff. lat. 227 Diff. of Longitude ...... 39 
ence the true course to Porto Santo is S, 8° W. or S. 3 W. nearly, th i 
8. 27° W., and the distance 229 miles, ‘ oe ee ae 


JOURNAL 393 


Sure BRITANNIA from En@uanp towards MADEIRA. 


Courses. Winds. eee. Remarks, Monday, 


June 25, 1&66: 


S.W. 8.S.E. First part a fresh breeze; middle and latter 
more moderate, and smooth water. 


K 
7 
7 
7 
gi At 7h. 14m. P. M. the sun set W. 46° 23’ N. 
6 by Compass,, which gives the variation 
6 16° 55’ W., or. 14 point. 
5 | 
5 W.S.W. South. | 3 | AtlOh.6m.P.M.the mer. alt. Antares, or a 
5 Scorpii, was 28°0'41/ S,, making the lati« 
5 tude 35° 57’ 177N. 
4 S.E.by E. | S.by W. | 1 

4 

5 

4 

4 

4 

3 

3 

3 

3 

3 

3 

3 


Qn 


At 9h. A. M. observed as follows :— 


Times by Chron. Obs. alt. Sun’s L.L. 
21h59m. 4s. 48° 10’ 45” 


22 O 86 21 15 
West. S.S.W. | 14 Vy es Ee | 31 50 


which give the song. at noon 16°21’ 00” W. 


> 


nN oO 


Obs. mer. alt. ©’s L. L.77° 27’ 6” S., gives 
the lat. at noon 38° 45’ 6"N. 


Latitude N. | pigf,| Longitude W. 


; ° i = B ° ’ 
Course. | Dist. ving Dep. Aa earing and 


Obs. |long.| Acc. Obs. Distance at noon. 
~B7’ | 32’ : | 44! A@-€ Porto Santo 
S.29°.W.| 65’ |g. | yw, [35°53"/35°46"| yy 16° 537 g°o1| Ss. 1° E., 163m. 


The courses corrected for variation per amplitude at sunset, and for leeway, with their 
corresponding distances. will be as under. 


The diff. of latitude 56’. 8, and dep. 32’. 1, give 
the course S. 29° W., and the distance 65 miles. 


5 
_54 Yest. lat...36° 50’'N. 36° 50’... Mer. Pts. 2380 


Diff.of lat. 57S. 


Lat.byacc.35 53 N.(obs.)35 46...Mer. Pts, 2301 


See 


a is dt si 4 Sum of latitudes ...72 36...M.D.L. 79 


Middle latitude...... 36 18 — 
Co. middle latitude. 53 42. 


The lat. at sunset brought up by the log. since last noon, is 36° 7’ N. At 9h. A.M. the 
lat. by acc. is 35° 46’ N., and the long. by chron. at that time 16° 10’ 0” W., to which the 
long. made up to noon, 11’ W., being added, gives the long. by chron. at that time 

21’ 0” W. 

The co. mid. lat. 53° 42’, and the dep. 32’. 1, give the diff. of long. 40’; or the course 29°, 
and the mer. diff. lat. 79’, give the diff. of long. 43’.6 W.:s this being added to yesterday’s 
long. by acc. 16° 9’ W., gives the long. by acc. this day, at noon, 16° 53’ W. 


To find the Bearing and Distance of Porto Santo. 


Jat. of ship by oos. 35° 46’ N. ......Mer. Parts ... 2301 Long.of ship by Chro, 16° 21’W. 
Lat. of PortoSanto33 3 N.......Mer. Parts... 2103 Long. of Porto Santo 16 19W. 


Diff. of latitude. ... 2 43=163’ Mer.diff.lat. 198 Diff. of longitude...... 2 
Hence the true bearing is S. 1° E., and the distance 163 miles. The course by compass 
is therefore S. 16° W., or S.by W.4 W. 


: 
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Sure BRITANNIA from Eneuanp towards Mapetrra. 
Winds. |L°e- 


way. 


14 | An increasing breeze, and fair throughout. 


F. Courses. 


Remarks Tuesday, June 26, 1866. 


West. S.S. W. 

P. M. bent the best bower and sheet cables, 
S.by Ej 1 and unstowed the anchors. People other- 
wise employed, reeving the harbour-gear, 
and in sundry small jobs. 


6 |S. W.by W. 


——— 


South. East. At 8h. P. M. the alt. of the Polar Star was 
34° 12457 which gives the lat.35°27/53” N. 


S.S. E. 


E. N.E. a Aquile or Altair, was 63° 37’ 36” S., 
making the lat. 34° 58’ 134N. 


> SD 


| At lh. 20m. A. M. the meridian alt. of the ¥ 


At 8h. A. M. observed as follows :— 
Times by Chron. Obs. alt. Sun’s L. L. 
21h. 2m. 7s. 36° 40’ 45” 
N.E. by E. 3 15 48 20 
4 23 55 45 
4 which give long. at noon 15°31’ 30” W. 
Obs. mer. alt. Sun’s L. L. 79° 14857 S., gives 
N. E. the lat. at noon 33° 56/167N. 
Variation 134 point West. 


AD Thisy: Latitude N. | pjfft,| Longitude W. | Bearing and 
paorne3| Osean, | ee Acc. | Obs. |long.}| Acc. Obs. Distance at noon. 


106’ | 42’ | 53! O-¢ Porto Santo, 
eA fore 33°56"! 5, | 16°0'|Cn7.15°32’| S.W.2 S, 65m. 


Stim GO DO = br SO ON SD OT Hm GO OD . 


MEO OMNIA ARARARAQ TTAB oo | FI 


NK COOCCNS 


—_—a a) 


| 


§.214°E. | 113’ 34° 0! 


True The diff. of lat. 105’.6, and dep. 41’.9, give 
Courses. : * | the course S. 214° E., and the distance 113 miles. 


Yest. lat. ...... 35°46’ N. 35° 46’ M. Pts.2301 
Diff.lat.106’,or 1 46 S. 


Lat. by ace.... 34 ON.(obs.)33 56 M.Pts.2167 


Sum of latitudes ...... 69 42 M.D.L. 134 
Middle latitude ....... 34.51 — 
Co. middle latitude... 55 9 


The comp. of mid. latitude 55° 9’, and the departure 41’.9, give the diff. of long. 51’, or 
the course 214°, and the mer. diff. of lat. 134’, give the diff. of longitude 52.9 miles. 


Yesterday’s long. by account ... 16°53’ W. = Yesterday’s long. byChron... 16°21’ W. 
Diff. of long. by the log......... — 53 E. Diff. of long. by Chron ...... —49 EB 


Longitude in by account......... 16 0 W. Long. by ‘Chron. at noon 15 32 W. 


To find the Bearing and Distance of Porto Santo. 


Lat, of ship by obs.... 33° 56’ N.......Mer. Parts... 2167 Long. of ship by Chro. 15° 32’ W, 

Lat. of Porto Santo... 33 3 N....... Mer. Parts... 2103 Long. of Porto Santo.. 16 19 W. 

Diff. of latitude ..... - 53 Mer. diff.lat. 64 Diff. of longitude...... 47 
Hence the true bearing isS.36° W.= §S.W.% S., and the distance 65 miles. The course 


by compass is therefore S.W. %W. 
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NIETO ATI ET, 


Sure BRITANNIA from ENGLAND towards M AapFIRA. 


H. |K.| F. Courses, Winds. el Remarks, Wednesday. June 27, 1862. 
1|/7|2]| S.W.byS N.E. A pleasant breeze, and fair throughout. 
2/17 F P.M.bent the small bower cable, and uu- 
3|6| 4 stowed the anchor. 
4|6 
5|5/|4{S.W.by W.| E.N.E. 

6 | 5 Saw the land bearing W. by S. 
7|5|2 

8 | 5 

9/5/|2 East. Porto Santo W. 3 N., about 8 leagues. 

10 At 10 P. M. brought to. Main top-sail to 

ll the mast. 

12 Lying-to. The High Water in Funchal Roads is found 
1 to be at Llh. 39m. P. M., ° 
2 
: W.S. W. At daylight made sail. 

5 

6 Porto SantoN.W. byN. DesertersS.W.by S. 
7 East end of Madeira W. by S. 

8 At noon came to an Anchor in Funchal Roads, 
9 W. by S. with the best bower, in 25 fathoms; mud 

10 Various. and sand; off shore 4 of a mile; Loo 

11 Castle bearing N.N.W., and Fort Lorenzo 

12 E. N. E, 


Latitude N. | pif,| Longitude W. 


oe TTA Bearing and 
Course. | Dist. a Jas, | DEP ace “Acc. | Obs. Obs. |long.| Acc. | Obs. _ 
. 


Distance at noon. 


») 
Chr. 


The courses steered from noon to 9h. P. M., and the bearing of Porto Santo from the ship 
at that time, corrected for 1} point West variation ; also the distances run, and the estimated 
distance of the ship from the land, peng entered in a Traverse Table, will give the diff. of 
latitude 50°. 6, and the departure 47’.8 

From hence the latitude of Porto Santo, by the ship’s reckoning, is found to be 33° 5’ N., 
and the longitude, carried on by chronometer from the last lunar observation, 16° 29’ W.; 
differing 2 miles in latitude and 10 miles in longitude, from its position, as laid down in 
Table LVI. 


The ship’s track. during the arate voyage is laid down on the Mercator’s Chart, 
according to the latitude and longitude each day at noon. 
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FORM OF A NAVY LOG. 
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| a : ‘Lee-| «. | Remarks, &c. 
Hi. XK, F.| | Courses. Winds. lway.| Signals. Saturday, April 7, 1866. 
Se hill SSE (SRI said and Ad eels Bint i 
A.M. 
1/3) 6 N. W. N.N.E. 4 | 
2|;2/6 First and middle parts light 
3!12'6 variable winds, and cloudy wea- 
4 | 9 | W.N. W. Word: } ao latter part moderate and 
5 | 34 
6/5 N. by W. Variable. A. M. stayed the masts, set 
7 4/12 . , the rigging up, and rattled it 
811 \ Light Airs. down fore and aft. 
I 9 4 At noon a strange sail in sight, 

10 beari . W. by W. 

\ Calm. earing N. W. by 

12 [1 | 4| E.N.E. | West Variation 2 Points West. 

; Latitude. Longitude. Bearing and Dist 

re op 2 ee eneeacneaeneaatatate Sel i$ . 
ae sis! | By D. R. By Obs. [By D.R.| By Chr. |[ByL.Obs| at Noon. 
° ! / ° 90 19° 4? neler © 99 Lizard, 

N. 26 Ww.) 57’ | 48° 17’ N. | 48° 20/ N. \3 4’ W.|9°15! W.| 9° 22 W.. N.E. by E. 191m. 
1);1|6] E.byN. West. | P.M. 
2,;2/)/2 
3/3)4 At 4h. P. M. a suspicious look- 
4131/6 ing vessel in sight, right a-head. 
51512 Made all possible sail in chase of 

her: then mustered the ship’s 
6/5) 4 company to their cuarters, and 
71/5|4] E.byS. W.N. W. prepared for action. 
8/5|4 
ale lat At midnight spoke the chase. 

1016 She proved to be a Spanish brig 

from Teneriffe, bound to Co- 

11 | 6] 2 runna, 

ee .3 : 

; Lee-| ¢- Remarks, &c 

ay re F. Courses. Winds. way. Signals. Sunday, April 8, 1866. 
1/6 E. by S. W.N.W. A. M. 
216 First part moderate breeze, 
315 | 4 and smooth water; middle and 
als5ia latter, light variable airs, with 

drizzling rain. 
5|5|4 
6|4/|2 
7|4/2 
8) 4. East. N.W. 
9/4) Exercised great guns and small } ~ 

10 | 3| 6 arms. 

11} 3] 2 

12 | 3 Variable. f Variation 2 Points West. 
Couric. (Daze ee Latitude. 2 Longitude. Bearing and Dist. 

| By D.R. By Obs. |By D. R.! By Chr. |ByL.Obs. at Noon, 
° ul Orn nN f t f Lizard, 
N. 723° E. lio 48°53! N. | 48°55’ N. \6°24' W.|6°33'W.| 6°40 W.| 4 jar ee 
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Sup ——— from ENGLAND towards CEYLON. 
Courses. | K. | F.| Winds, &. rar Wednesday. August 15, 1866. 
S. W. S.S.E 1 | Moderate breezes, and pleasant 


4 weather throughout. 

2 A.M. stayed the masts, and set 
Z up the main and main-top-mast 
4 


rigging. 
Tradesmen variously employed. 


W.S. W. S. by E. 


a AS Baa 


Latitude observed 2° 0 N. 


RO bo BO bO Od Od wm C2 bO bo Od Gd Co G9 Co Co Ge ED mm Gd Co G9 ND OD 


Dist. per log. | 72m. | 11 Inches in the Well. eil* 


Course and dist.} X fobs.58 X face. 54! obs. 22 0 N. mde. 
S. 50° W. 70m. | at eo 46 | Lon. \ chr. 82 (Lat. ee 2 12 N,|L0n- {m 21° 41/ pe zw. vals 1am. 10° W. 
I 


Departure 54 | S.ofacc.12.| W of acc.28| Barom.29.5 | Therm. 78°. 


_— 


H. | Courses. K.| F. Winds, &c. oa Thursday, August 16, 1866. 
1 S. W. 4 8. S. E. L A steady breeze, and fine weather 
2| W.S.W. | 4] 4 throughout. 
3 4 A. M. set up the mizen rigging, 
4 4 Washed the gun-deck, and exer- 
5 S. W. 4 4 | cised great guns and smail arms. 
6 a 
7 2/6 Longitude per Sun and Moun at 
8 2\4 11h. A, M., 22° 8 W. of Greenwich. 
9 2|2 
10 2 
11 2/6 
12 3 
1 3 
2 2/6 
3 3 
4 3 
5 3 
6; W.S.W. | 3 South 4 
7 4/6 
8 4/6 Latitude observed 0° 56’ N. 
9 3/6 
10 3/4 A strong set to the westward. 
Il; SSW. | 3/4 S. E. q 
12 3 | 2 


Dist. per log. | 82m. | 10 Inches in the Well. 


Pane ge ee X (OLE, [ata (EE GN tam (ey) See we LO oe 


Departure 58 | S. of ace. 10.) W. of acc. 55| Barom. 29.6, Therm. 78° 


ON THE VARIATION OF THE COMPASS; 


ALSO, | 
THE DIP AND DEVIATION OF THE NEEDLE. 


a Se 


Tue mariner’s compass (which is familiarly called, and universally 
‘admitted to be, the seaman’s Jriend), has, it is well known, various pro- 
perties connected with it; the principal of which are those coming under 
the denomination of variation of the compass, dip of the needle, and 
deviation; each of which subjects, every commander an1 officer should 
‘pride himself to become acquainted with, and will here be very briefly 
‘explained. 

Variation oF THE Compass.—In the year 1492, Columbus discovered 
‘that his compass needle deviated from the ¢rwe North and South points of 
the horizon, and when satisfactorily proved to be the case, by careful 
observations, it very naturally (on such a discovery) caused considerable 
alarm in the minds of his crew—who even mutinied, affirming and 
believing that the compass had lost its polarity ; and hence, that they 
would never be able to return to Spain: but it is recorded, that Columbus 
-had the tact to calm their fears on this subject, and thereby confidence, 
‘in his superior judgment and assurances, was soon restored. | 

When Columbus returned to Spain, on comparing his compasses with 
those that had never been afloat, and finding that they perfectly agreed, 
he had the boldness to assert, “that every compass varied in its direction 
from the true North and South points of the horizon; which assertion was 
not only disbelieved, but he was laughed to scorn for declaring the same 
by every Astronomer of his day, without investigating (as they might 
have done) as to the truth or falsehood of his assertion: such was the 
intolerant spirit of the times when Columbus lived, and continued for 
many years after; it was therefore most dangerous at that period for men 
‘to meddle with doctrines or opinions on any science or profession not 
sanctioned or approved of by the priests. Hence, the subject remained 
statu quo for many years, until again renewed and declared about the year 

Uv 
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1556 by Martin Cortez, who, in his Treatise on Navigation and Nautical 
Astronomy, printed at Seville, asserts, ‘“‘the variation of the compass as 
being completely established :* since which period, it has been admitted 
and proved, as an acknowledged fact, by Astronomers of every age and 
nation ; thereby further shewing, by accurate observations made in various 
parts of the world, that in different places the variation of the compass 
differs, both as to its quantity and denomination, being West in some 
places, and East in others; and as the amount is constantly varying, it 
becomes manifest as to the necessity of frequent observations being made, 
to determine the same, by either amplitudes or azimuths, in accordance 
with the rules given in pages 210, 212, and 213 of this work. 

Dip or tue Neepie.—lIn addition to the variation of the compass 
from the plane of the true meridian, it obtains another property, caused 
by an angle which the needle makes with the horizon, and therefore 
termed the dip of the needle. 

This was discovered about the year 1580, by an Englishman, named 
Robert Norman; he found, notwithstanding the needle was properly 
balanced beforehand, it had a tendency from its horizontal position, the 
North point of the needle being depressed in the Northern hemisphere, and 
the South end in the Southern hemisphere; but at the magnetic equator 
(with a very few minor exceptions) the horizontal position was nearly 
retained. The deviation of the compass, from the horizontal line, is 
different in different places, like the variation, and 5 very slow 
changes. 

This property which the needle has, does not, fortunately, (notwith- 
standing the amount of dip) appear to affect or derange its horizontal 
movement; nor does it affect, or have any influence whatever on the 
variation of the compass. 

It is generally considered, among seamen, that the dip of the needle 
varies with the latitude; that is, the dip is North in the Northern 
hemisphere, South in the Southern, and becomes horizontal at the earth’s 
equator ;f neither of which is really so, as may be seen by many dis- 


® Vide article Variation. Encyclopedia Britannica. 

t As there are two poles (that belonging to the earth, and a magnetic pole), hence there 
must also be ¢wo equators, the earth’s, and magnetic equator; consequently it is the /atter the 
dip of the needle is reckoned from, which accounts for the apparent discrepancies as some 
imagine.— Vide the following Table. 
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crepancies of such a notion, in the following Table of Dips—to which is 
annexed the latitudes and longitudes of the places stated below. 


A TABLE of the Magnetic Dip, at the undermentioned Places, extracted 


from the best modern Authorities, being the result of recent observations. 


-—-—-_———— 


PLACES. Lat. Long. Dip. PLACES. Lat. Long. Dip. 


° , ° r 

8 25 E.| 048 N. 
100 22 E.| 4 40S. 
77. 4 Wal (6:14:S.) 
43 15 W.| 12 518. 
103 50 E./ 12 1S. 
77 30W.| 14 6S. 
5 45W.| 18 15S. 
114 52 E.| 19 48 S. 
12815 E.| 21 9S. 
47 50 W.| 21 4058. 
56 16 W.| 34 51S. 
71 38 W., 38 38. 
73 5 W.| 43 158. 
74 10 W.| 48 59S. 
66 2W.| 51 20S. 
72 45 W.| 53 20S. 
68 29 W.! 55 15 S. 
18 21 E.| 52 54S. 
18 10E.|35 48. 
55 81 E.| 32 5S. 
170 30 W.| 36 8S. 
119 36 E.| 23 42 S. 
149 30 W.| 30 17S. 
143 30 E.|69 8S. 
156 10 E.| 62 248. 
151 23 E.| 62 49S. 
147 25 E.| 70 40S. 
165 OE.|73 10S. 
69 4E.| 69 50S. 
140 43 W.| 30 15 S. 
47 GE.| 48 188. 


aor °o o Se Se aaa ene ia aa ° , 

London ......+.| 51 32 N. 0 |69 20N.| Fernando Po ..| 3 14N. 
Plymouth ......|50 22 N.|] 4 8W.| 69 12 N.| Pulo Penang ..| 5 25 N. 
Rotterdam ....|51 55 N.| 4 29 E./68 49 N.| Callao ........|12 4S. 
Paris ........-.| 48 50 N.| 2 20 E.| 67 20 N.] Rio Janeiro ....| 22 53S. 
Petersburg ....| 59 56 N.) 30 18 E.|70 5N.|Singapore......| 1 175. 
Terceira ......| 38 39 N.| 27 13W.| 68 6N.]| Martin’s Isles..| 11 35S. 
Rome..........| 41 51 N.| 12 30 E.| 60 24.N.| St. Helena ....{ 15 55 S. 
Naples ........| 40 50 N.| 14 16 E.| 58 53 N.| Borneo ........] 4 55 N. 
Constantinople..| 41 1N./ 28 55 E.|56 34.N.] Amboyna ......| 3 405. 
Bermuda ......| 32 22 N.| 64 38 W.| 67 31 N.| St. Catherina ..| 27 19S. 
Montreal ......!50 28 N.| 1 45 E.| 76 19 N.] Monte Video ..| 34 55S. 
Halifax ........|50 53 N.| 0 54W.| 74 45 N.| Valparaiso ..../33 IS. 
New York......| 40 42 N.| 73 59 W.| 72 52 N.| Conception ....| 36 49S. 
Washington ....} 38 55 N.| 76 59 W.| 71 21 N.| Chiloe ........| 42 41S. 
Antigua........| 19 20 N.| 96 14 W.| 48 46 N.| Port Desire ....} 47 45 5. 
Jamaica ......|18 0N.| 76 46 W.| 47 19 N.} Falkland Island.j| 41 15 S. 
Alexandria ....| 31 13 N.| 26 55 W.| 143 48 N.}| R. Santa Cruz..} 50 19S. 
C. San Blas ....| 29 36 N.| 85 35 W.| 45 23 N.] C. Good Hope..| 34 24S. 
San Francisco Pt.| 37 49 N.|122 8 W.| 62 28 N.} Simon’s Bay....} 34 10S. 
Vancouvre ..../50 ON.|126 0OW.| 69 22 N.| Seychelles......] 4 35S. 
Sitka ......+...| 57 10 N.|134 50 W.| 75 51 N.} Raratonga Isl...| 20 20 S. 
Chagre ........| 9 20 N.|80 3W.|32 30 N.| MacassarIsland|} 5 9S. 
Panama City ..| 8 59 N.| 79 20W.| 31 55 N.| Tahiti ........|17 29S. 
Hong Kong....| 22 12 N.|11412 E.| 30 2.N.] Bass’ Straits ..| 39 14S. 
Acapulco ......| 16 50 N.| 99 51 W.| 39 3 N.] Swan River ....| 40 17S. 
San Diego ....|32 40 N./117 17 W.| 57 6 N.] Sydney ........|33 48S. 
Manilla........| 14 36 N./12l 3 E.| 16 27 N.] Hobart Town ..| 42 53S. 
Pernambuco....| 8 4S.| 34 54W.|13 8 N.} Auckland Island.| 50 44 S. 
Cocos Islands ..| 5 27 N.| 87 45 W.| 24 36 N.]| Kerguelens Isl...) 48 41 S. 
Guayaquil......] 2 128.179 54W.| 9 8N.]} Bow Island ....| 18 17S. 
Bahia, F. Cabo."| 12 58 S.| 38 13W]| 5 24 N.] Majombo Island. 15 10 S. 
Ascension......| 5 57S.|14 14W,| 1 39N. 


a | 


NOTE.—The above Table of dips have been extracted for Captain W. Walker’s excellent Treatise on 
the Magnetism of Ships, and the Mariner’s Compass. Vide page 39; to which Table has beea 
attached the Latitudes and Longitudes as above shewn, to verify the preceding statement. 


—— 
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Deviation or tHE Neepiz.—This peculiar property attending the 
magnetic needle, has been noticed and commented upon, during many 
years past, by intelligent mariners, skilful officers, astronomers, and others, 
and notwithstanding the subject of deviation has been so clearly proved 
and elucidated from time to time by so many learned and able men— 
shewing its dangerous effects to the practical navigator if not attended to; 
—yet, strange to say, very little heed has been taken about the matter, 
or even accounted for, till of very recent date; and notwithstanding the 
subject is a comprehensive one, it is only intended to touch upon it here 
very briefly. Those who wish to gain full information upon the same 
(being of such vital importance to all navigators), are warmly recom- 
mended to possess themselves of an excellent Treatise, written in a very 
clear and intelligible manner, by Captain William Walker, R. N., by 
the study of which, seamen will be greatly benefitted. It is now intended 
briefly to explain what the deviation is, how it is determined, and in 
what manner applied. 

1. First.—The deviation is caused by the reciprocal action of the 
compasses upon each other, when (as is too frequently the case) the bin- 
nacles are placed too near each other.* pe 

Secon..ly.—By the aggregate influence of the ship’s iron upon the 
magnetic needle, according to the direction of the ship’s head diverging 
from the North or South points of the compass; hence it is earnestly 
recommended that no iron-work, such as ring-bolts, shot, arms, belaying 
pins, iron stanchions above or below, &c., should be nearer the vicinity of 
the compasses than seven feet, if it can be possibly avoided. 

Thirdly.— The imperfection of the compasses themselves, as regards the 
magnetism of their needles ; the imperfection of their caps, pivots, bowls, 
and insufficient suspension, &c. 

Fourthly.—It is therefore self evident, that the deviations in any ship 
will be the resultant of all the magnetic forces of the guns, bolts, bars, 
tanks, anchors, chain cables, &c., acting on the compasses in its place on 
each course steered ; and these agencies not only change in direction and 
amount, as the ship changes her position, but they alter with every 
motion and roll of the ship. 


* The Lords of the Admiralty have issued orders, that the binnacle compasses are on BO 
account to be nearer than five feet of each other, 
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2. How the deviation may be determined.—Every ship should be pro- 
vided with a good standard compass (say the azimuth compass, with a 
brass rim marked to degrees, should there be one on board) with which 
the binnacle compasses ought to be frequently compared, and by which all 
bearings should be taken. 

The standard compass should be placed on the midship line of the 
quarter-deck, and fixed on a permanent support, or pillar, or on a tripod 
stand, made to ship and unship, for greater convenience, taking care it is 
at such a sufficient height from the deck, as to allow of all amplitudes, 
azimuths, and bearings of the land, &c., being observed above the 
hammock boards, or sides of the vessel. 

The deviation of the standard compass from the magnetic meridian is 
to be ascertained in the following manner :—if the ship is in a basin, it 
can be executed at any time, but if riding in a tide-way, it can only be 
ascertained when it is slack water. 

*<< Prudence and precaution require that mariners should use all 
available means for determining the errors of their compasses at sea, or 
in an anchorage, and as these means are generally attainable, we shall 
notice some of them. 

‘‘ Whenever a ship anchors in a place where some fixed object is 
easily seen at a distance of eight or ten miles, its compass bearing should 
be noted, as well as the direction of the ship’s head. Write down the 
points of the compass on a slate, and as the ship swings by wind or tide, 
or warped round from one point to another, write down the compass 
bearing of the distant object, opposite to the direction of the ship’s head. 

“‘ If the compass be in error, the bearings of the distant object will vary, 
as the ship swings from point to point, and their difference will ultimately 
give the amount of deviation. As the ship swings round, there will be 
two nearly opposite points of the compass on which the bearings of the 
distant objects agree ; and this should be the correct magnetic bearing of 
the object, and the points upon which there is no compass error. Two 
other points will be found in a table so filled up, and nearly opposite 
points, where the bearings of the distant object greatly differ; half their 


* As Captain William Walker, R.N., in his admirable Treatise on ** The Magnetism of 
Ships, and the Mariner’s Compass,” is so clear and intelligible on the subject under con. 
sideration, his statement upon it, is here puposely quoted, for the benefit of seamen (see 
pages 163 and 164 of that excellent work); a work, in fact, that should be in the possession 
of every intelligent and right-minded mariner. 
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difference will be the deviation on these points: and it will be easily seen if 
Kasterly or Westerly. 

“A record of this kind is easily made, and a means is found of forming 
a table of deviations for that amount of magnetic dip or locality. 

“This is an easy and pretty correct way of finding a ship’s compass 
deviations at anchor, when a ship is supplied with a proper compass for the 
purpose. The true bearing of a distant object may be found by measuring 
with a quadrant or sextant its angular distance with the rising or setting 
sun. The sun’s correct bearing, at rising or setting, is at once obtained 
from a table of amplitudes, and hence the true bearing of any visible object 
is easily found. 

‘When a ship is at sea, we have shewn that, in amplitude and 
azimuth calculations, the variation and deviation are involved. When the 
sun is on the meridian, he bears true North or South, and a compass bear- 
ing of him at that time, will give the variation and deviation combined, 
and, consequently, the correction for the ship’s course at that time. 

“In taking a sight for the chronometer, the sun’s compass bearing 
should be noted; as the sight might be used for finding the hour angle, the 
azimuth, or for a double altitude. 

“In our hemisphere, the Polar Star bears nearly due North; and its 
compass bearing will therefore give the variation and deviations (if any) 
combined. 

“‘ There is another method whereby we may easily find out, at sea, if our 
binnacle compasses be in error. In beating to windward, with Northerly 
or Southerly winds, it sometimes appears that the ship, after tacking, must 
either have been off the wind, or else a change of wind has taken place, 
while in the act of going about; and on other occasions, in working to 
windward, the ship lays six points from the wind on one tack, and only five 
on the other: all this indicates compass deviation. The wind has not 
changed; it was the compass pointing that changed, as the ship tacked 
from West to East.” 

How the deviation is applied—The application of deviation of the 
needle is precisely the same as variation ; that is, Easterly deviation to the 
right hand, and Westerly to the left. When the courses are corrected, the 
deviation is to be applied before the leeway or variation. 

Having endeavoured briefly to explain the preceding subjects, it only 
remains to shew, in a concise and intelligible manner, how seamen are to 
proceed, to obtain the deviation of the standard compass, elucidating the 


335 


THE DIP AND DEVIATION OF THE NEEDLE. 


sxme by means of supposed bearings of a distant object by the standard at 
each point of the compass ; seamen must ever bear in mind that the cor- 
rections found for the standard compass, belongs to that compass alone, and 
to that compass only, while it remains in its fixed and proper place ; also, 
that the corrections obtained by it, will be no guide whatever to the effects 
of the ship's iron on the standard, if removed to any other part of the ship. 
And it is essential, therefore, that the ship’s course should invariably be 
directed by the standard compass ; also, that bearings and courses inserted 
in the log-book, should be those shewn by that compass alone. 

Before ascertaining the deviation of the standard compass, the real 
magnetic bearing of a distant object must first be determined, which is 
readily obtained, by taking the standard on shore, and whatever the bear- 
ing of the distant object may be, shews the real magnetic bearing required. 
Hence it follows, the differences between this real magnetic bearing of the 
object, and the successive bearings which are observed with the standard 
compass on board ; according to the direction of the ship’s head will be 
the deviation, which is further elucidated in the following Table. 


Suppose the real magnetic bearing of a distant Obelisk from the ship to 
be N. 83° E. 


ee ee, | cree | eet | eee | ee 

Standard Compass. |Standard Compass) Coinpass, |Standard Compass. |StandardCompass| ee 

gtk ts a a ee WS a eee 
North. N. 83 11 E. | 011 W South. N. 82 52 E. | 0 8E., 
N. by E. N. 82 7E.| 053E S.by W. N. 83 55 E. | 0 55 W. 
N.N.E. N. 81 20 E. 1 40 E. S.S.W. N. 84 38 E. | 1 38 W. 
N.E. by N. N. 80 23 E. 237 E S. W. by S. N. 85 24 E. 2 24 W. 
N.E. N. 79 23 E. | 3 37 E Ss. W. N.86 8E.| 3 8W. 
N.E. by E. N. 78 33 E. | 4 27E S.W.by W. | N.86 50E. | 3 50 W. 
E.N.E. N.77 38 E. | 5 22 E, W.S.W. N. 87 39 E. | 4 39 W. 
E. by N. N.77 10 E. | 6 50E W.byS. °° | N.8817E. | 517 W. 
East. N. 77 38E. | 5 22E. West. N. 8 55 E. | 5 55 W 
E.byS. |N.78 3E.| 457E. | W.byN. | N.88355.| 5 35 W. 

E.S.E. N.78 26 E. 4 34 E. W.N. W. N.88 8 E. 5 8W. ,; 
S.E. by E. N. 79 20 E. 3 40 E. N. W.by W. | N. 87 39 E. 4 39 W. 
S. E. N.79 51 E. | 3 9E. N.W. N. 86 56 E. | 3 56 W. 
S.E. by S. N. 80 30 E. | 2 30 E. N.W.byN. | N.86 9E.| 3 9W. 
S.S.E. N. 81 18 E. 1 42 E. N.N.W. N. 85 31 E. 2 31 W. 

S.byE. | N.82 9E.| OS51E. | N.by W. | N.8435E.] 135 Ww. | 

| 
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The following TABLE, shews the Deviation of the Compass on board 
Her Majesty’s Ship Vesuvius. 
(Caused by the local attraction of the ship, at each direction of the ship's 


head.) 
Direction Deviation Direction Deviation 
of the a of the of the of the 
Ship’s Head. Compass. Ship’s Head. Compass. 
; ee Sip a i MEE IE Eri 
North. 2 45 E. South. 3.40 W.«. 
} N. by E. 4 57 E. S. by W. 4 20 W. 
'N.N.E. 7 30 E. S.S. W. 56 OW. 
N. E.by N. 9 OE. S.W.by S. oer ves 
| N.E. 10 OE. S.W. ie Ue 
N.E.by E. 10 55 E. S.W.by W. 7 27 W. 
, E.N.E. 10 40E. |  w.s.w. 7 50 W. 
E. by N. 9 55 E. W.by S. & 20 W. 
East. 8 50 E. West. 8. 59 W. 
E. by S. 7 IE. W.by N. 8 14 W. 
| -E.S.E. 5 35 E. W.N.W. 6 50 W. 
S.E. by E. 3 40 E. N. W. by W. 5 40 W. 
S.E. 1 50 E. ; N. W. 4 50 W. 
S.E.by S. 0 20 E. N. W. by N. S$ 20 W. H 
S.S.E. 0 56 W. N.N.W. ~1l 40 W. 
S. by E. 2 20 W. N.by W. 1 10 E. 


We now proceed from the above Table to correct the following Courses 
for Deviation ; by applying Easterly to the right hand, and Westerly to 
to the left. 


Courses Deviation Corrected Courses Deviation Corrected 
Steered, from above. Courses, Steered. from above. Courses, 


pri TE EN o 4 Tee -o 8 
N.E.by E. | 10 55 E. | N.67 10 E. West. 8 50 W.| S. 81 10 W. 
NY Gs WW 7 50 W. | S. 59 40 W. E.N.E. 10 40 E. | N.78 10 E. 
S.E.3 E. 2 45 E. S. 47 524E. S.W.4 W. 7 13,W. | S. 43 24 W. 
W.by N. 810 W. | N.86 55 W. N.by W. 110 BE. UN. 10) 8W, 


South. 3 0W. |S. 3 OE. E. by N. 955 E. | N.88 40 E. 
N.N.E.JE. | 8 15 E. | N.36 22 E. N. 3 E. 351 E. | N. 9 2845. 
S.W.byS. | 6 7 W. |S. 27 38 W. S.S. W. 5 0W |S. 17 30 W. 
E.S. E. 5 35 E. |S. 61 55 E. S.S. E. 056 W |S. 23 26 E. 
N.W.3 W. 5 15 W. | N.55 523 W. North. 245 E. | N. 2 45 E. 
East. 8 50E. | 8.8110 E. | W.byS.4S.| 8 5 W.| S. €5 235W. 


From the preceding Table, it is manifest as to the necessity of applying the deviation of 
tne compass, according to the direction of the ship’s head; but it must be remembered, to core 
xect the courses steered for the deviation of the needle, Lefere the l2e-way or variation 


A PAPER, 


(BY CAPT. H. TOYNBEE, F.R.A.S.,) 


SHEWING HOW LUNARS WILL RATE. CHRONOMETERS; 


THEREBY 


GIVING THE LONGITUDE CORRECTLY DURING AN ABSENCE OF 


THREE YEARS FROM THE LAND. 


Reprinted from the NAUTICAL MAGAZINE. 


In sending another paper on lunars to the Nautical Magazine, my 
object is not to bolster up a tottering subject, which the advancement of 
science causes to be no more requisite, but to maintain the fact that 
lunars are the only method for finding the longitude, available at sea, 
independent of delicate machinery so liable to suffer from a stroke of the 
sea, changes of climate, or the effect of iron, as is the chronometer. It 
may be considered that lunars are to chronometers what the mercurial 
barometer is to the aneroid or sympiesometer, 1.e.,a natural standard with 
which they ought to be constantly compared; to prove which, let us 
consider the following quotation from a letter by Captain Suaw, of the 
Clive. 

“ Olive, Madras, J. uly 8th, 1859.— While writing, I cannot refrain from 
expressing to you the comfort and pleasure I have experienced from that 
valuable piece of navigation that I learnt from you,—the method of rating 
chronometers by lunars. I have always followed it up since leaving you, 
and with the greatest success. I have two indifferent chronometers, but 
am glad to say that during my command of the Clive we have always 
made the land with the greatest accuracy. This passage out was a more 
striking example than any other; for although I consider myself a very 


indifferent observer, there being such a wide difference in the results of 
x 
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my observations East and West of ¢, and several times on the passage out 
when the sun was in distance I had not an opportunity of getting any 
sights, still we found the chronometers were altering their rates most 
considerably ; one by the time we had rounded the Cape having changed 
from losing 3. 3s. daily to losing 7. 8s., and the other from gaining 3. 5s. 
daily to gaining 1.0s.; having checked them every opportunity when 
lunars could be obtained, we stood in to make the Sadras Hills, and spoke 
a ship from Madras the same morning. You may imagine how pleased I 
was to find that when he showed me his longitude we agreed to a mile. 
And an hour afterwards we sighted the Sadras ‘Hills. The last land we had 
seen was the Lizard Point, on February 19th. How any man can doubt 
this method I cannot conceive, for I always use my lunar rates with the 
greatest confidence.” 

I received a similar letter from Captain Quihampton of the Tudor, and 
the results of his observations were published in the Notices of the Astro- 
nomical Society for January 12th, 1855.* 

In remarking on my paper the Editor says :— 

“Tt is to be feared that, partly from the practical difficulty attending 
lunar observations, and partly from the extended use of chronometers in 
navigation, this excellent and independent method of finding the longitude 
is going out of use. Yet in long voyages it must always be dangerous to 
rely solely on chronometers, unless they are numerous and have been rated 
with reference to the temperature, which is not the practice of private 
raters. Even then there are so many causes which may operate to change 
the rates of chronometers at sea, that a conscientious officer ought never to 
risk his ship and the lives of his crew upon the going of his chronometers, 
without the additional check and security which he derives from lunars.” 

In spite of all this it is to be feared that lunars are dying out, with no 
natural method for finding the longitude at sea to take their places, and 
this at atime when it ia been proved that any ordinary lunarian may 
rate his chronometers by them for sea-service better than by any other 
method: for if the plan be followed out which is shown forth in the fol- 
lowing paper, and more fully, though rather differently, explained in a 
pamphlet published by Wutson, late Norte & Wixson, the most ordinary 
lunarian may succeed; for not only does the method destroy any constant 
error in the observer’s eye, but also in the sextant used, 

What follows is copied from the log kept for the Board of Trade during 
our last voyage from September, 1858, to August 1859. 


* Previous communications on this subject will be found in the Monthly Notices, 
Vol. ix., No. 7., and Vol. xiv., pp. 19 and 243. 
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No. 1690. No. 1759. 


Slow of G.M.T. ee ese 
m. & s. 
Oct. 2nd.—The mean of four sets of © E. ¢ 
lunars gave the following errors for the 
EIPETIRME GCE ct, 04 cle csv hevdoscevasysncctagesst 2 6.0 3 25.5 
The maker’s errors brought on by the maker's 8 
rates were ..... SedeieXseevds veddsthannsts sr tetioet is 1 3 24.0 


Hence the © E. ¢ * lunars are 54, 5s. or 182’ W. i. 1690 and 1. 5s. or 4’ E. of 1759+ 


Oct. 15th.—The mean of six sets of * E. and W. 
of ¢ lunars taken during four days gave the 


IMTREC ONS aus cs assecosesasasgdescscessssoe’ os 5 3.6 1 48.0 
The maker’s errors brought on by the maker’s 
TALES WETC cccscecevesceees de cadon qaegupe ceedeoanh «4 1 2E.7 4 5.2 


Hence these * E. and W. of ¢ lunars are 3m. 36s. or 54’ W. of 1690 and 2m. 17s. 
or 344’ W. of 1759. 


Oct. 17th.—The mean of two sets of © W. ¢ 
lunars gave the following errors for the chro- , 
EMER TOT CEs 05), «Ue cu e104 820a aban cemvesccve 4 41.5 2 21.6 
These errors meaned with the © E. C errors 
found Oct. 2nd, give the following errors on 


INERT wSadevavccie nasil sheds vs.orenscl eeces 3 23.8 3 53.6 
Oct. 10th.—The maker’s errors brought on by 
the maker’s rates were ........ socosce eo aepooeace eae 3 48.7 


Hence the mean of these © E. and W. ¢ lunars is 2m. 2. 6s. or 30?’ W. of 1690 and 
55s. or 1382 W. of 1759. 


Oct. 27th.—The mean of two sets of © E. ¢ 
lunars gave the following errors for the 
PN POLOL SK pease ys bho sbbaenoesececepesoee sos 4 5.0 4 5.6 

These errors compared with the © E. ¢ errors 
Oct. 2nd give the following rates to the 
Brie mrtls, dob ck oc oc dads csi. hesveessyscnescode 0 4.9 losing. O 1.6 gaining. 
These errors meaned with the © W. € errors 
found Oct. 17th, give the following errors. 
MINUTE AIM o tr cceth Godse decvcnsedetucctecstsecs 


4 23.3 3 13.6 
Oct. 22nd.—The maker’s errors and rates were 1 36.8 4 28.3 
0 1.3losing. 0 3.3 gaining. 
Hence the mean of these © E. and W. ¢ lunars is 2m. 46.5s. or 412’ W. of 1690, 


and 1m. 15s. or 182’ W. of 1759. 
And these © E. ¢ rates differ from those supplied by the maker thus :— 
1690 losing 3. 6s. more daily. 1759 gaining 1. 7s. less daily. 


Nov. 11th.—The mean of four sets of © W. ¢ 

lunars gave the following rates for the chro- 
DOLORES ukce oss sacser abn ras Aesa sas cles sedeed 7 46.3 2 10.9 

These errors compared with the © W. ¢ errors 


found Oct. 17th give , following rates to 
the cChronometers ..c.ccccoccscsccccvca.coeee seoces 0 7.4 losing. O 0.5 losing. 


—_ 


* Tt will be noticed that these results are dédnesa from © E. ¢ lunars only, so that 
but little confidence can be placed in them. 
Xx2 
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No. 1690. No. 1759. 
Slow of G.M.T. Fast of G:M.T. 
t.2"6: m. S 
These errors meaned with the © E. ¢ errors | ° 
found Oct. 27th give the following errors on 
ING AU irs tuckincs soit cseWesesesdsvedsduneaard 5 55.7 3 8.3 
Nov. 4th.—The maker’s errors and rates were... 1 53.:7 S112 
0 1.3losing. 0 3.3 gaining, 


Hence the mean of these © E. and W. of ¢ lunars is4m. 2s. or 604’ W. of 1690, 
and 2m. 3s. or 302? W. of 1759. 


And these © W. ¢ rates. differ from those supplied by the maker thus :— 
1690 losing 6. 1s. more daily. 1759 gaining 3. 8s. less daily. 


Note.— In several of the above instances only two sets of lunars form a 
series, so that great dependance cannot be placed on their results. Still 
the whole prove that 1690 is losing more and 1759 gaining less than the 
rates supplied by the maker. Hence we must be West of the position in 
which his errors place us. 


Dec. 1st.—The mean of six sets of © E. ¢ lunars 
gave the following errors for the chrono- 
MIGLCTS OM EE ries ats Cot he choc stersattvcacnettatetees 7 50.7 4 50.0 

These errors compared with the © E. ¢ found 
Oct. 27th give the following rates to the 
PROM OMGLOTS® dasdec. vei Vese dks etd <hdeecasee tence 0 6.4 losing. 0 1.3 gaining. 
These errors meaned with the © W. ¢ errors 
found Nov. 11th give the following errors 
NSU i co nacicscsdvtsiacis ans sevecsdpesgssathesdite 


7 50. 
Nov. 21st.—The maker’s errors and rates were... 2 
0 


3 50.5 
6 7.38 
osing. QO 3.3 gaining. 
Hence the mean of these © E. and W. of ¢ lunars is 5m. 82. 7s. or 834’ W. of 1690, 
and 2m. 16. 8s. or 344’ W. of 1759. 
And these © E. ¢ rates differ from those supplied by the maker thus :— 
1690 losing 5. 1s. more daily. 1759 gaining 2. Os. less daily. 


Dec. 12th.—The mean of six sets of © W. ¢ lu- 
nars gave the following errors for the chro- 
RPQRO OL EES thas cette iiss. U2. ececstecuasesene ses ll 7.2 3 32.6 
These errors compared with the © W. ¢ 
errors found Noy. 11th give the following 
rates to the Chronometers ...cccsccscseeeseceee 0 6.5 losing. O 2.7 gaining. 
These errors meaned with the © E. © errors 
found Dee. 1st give the following errors on 


Were errs ered oe tadeccasiadesteecescede 9 32.3 ae 6 
Dec. 7th.—The maker’s errors and rates were ... 2 36.6 0.1 
0 1.3 losing. 4 3.3 gaining. 


Hence the mean of these © E. and W. of ( lunars is 6m. 55. 7s. or 104’ W. of 1690. 
and 2m. 47. 5s. or 42’ W. of 1759. 
And these © W. ¢ rates differ from those supplied by the maker thus :— 
1690 losing 5. 2s. more daily. 1759 gaining 0). 6s. less daily. 
Note.—These last errors and rates are deserving of great confidence 
because they are deduced from two series of six and one series of four sets 
of lunars. ° 
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No. 1690. No. 1759. 
Slow of G.M.T.. Fast of G.M.T; 
m a m, 8. 


Dec. 15th.—The mean of six sets of * E. and 
W. of @ lunars gave the following errors for 
EE MHALOLE <5. 0s0scscccsavcenstecaccseseens iV 1a 6 4 9.6 

These errors compared with the * E. and W. 
of € errors found Oct. 15th give the follow- 
ing rates to the chronometers ........s++0e ah 


0 6 
Dec. 15th.—The maker’s errors and rates were 2 
0 


.2losing. 0 2.4 gaining. 
(on Ie 7 26.5 
1.3 


iN 


losing. 0 3.3 gaining. 


Hence these * E. & W. of ( lunars are 8m. 27s. or 127’ W. of 1690, and 3m. 17s. 
or 492’ W. of 1759. 
And these * E. and W. of € rates differ from those supplied by the maker thus :— 


1690 losing 4. 9s. more daily. 1759 gaining 0. 9s. less daily. 


Dec. 26th.—The mean of five sets of © E. @ 
lunars gave the following errors for the 
ECM NES, 0 cos d's ban ccoacescehcesd¥ccncucossece 13 16.6 4 51.8 

These errors compared with the © E. ¢ errors 
found Dee. 1st give the following rates to 
TARO POMPOM CDOIA <o.ccop sass dvest~c> oc csccsceseces 0 12.9 losing. O 0.1 gaining. 
These errors meaned with the © W. ¢€ errors 
found Dee. 12th give the following errors on 
RTE WOLF Soc sacs vans onc varcacsadvetecdenc 1 


2 12.0 page 
Dec. 19th.—The maker’s errors and rates were oe. 2 9.7 
4 ges Fs 


losing. 3.3 gaining, 


Hence the mean of these © E. and W. of @ lunars is 9m. 20s. or 140’ W. of 1690, 
and 3m. 27s. or 512’ W. of 1759. 
And these © E. € rates differ from those supplied by the maker thus :— 


1690 losing 11. 6s. more daily. 1759 gaining 3. 2s. less daily. 


I have no doubt this sudden change in the rates of the chronometers 
was caused by increased heat, the ship being near the equator. A similar 
change took place near the equator in the Atlantic; since which time 
1759 had partially recovered its old rate, but 1690 went pretty steadily at 
its new rate, and now makes a further stride into the path of error. Had 
our chronometers been rated with reference to temperature, so much re- 
commended by Mr. Hartnup, in Liverpool, they would have given us the 
Longitude more correctly. 


Now we are drawing near to Madras, and as no more lunars can be 
obtained, it becomes requisite to decide upon the ship’s position: to aid us 
we will examine the movements of No. 1759 during the passage, this being ~ 
our best chronometer. 
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Oct. 10th, © E. and W. © lunars made 1759* 14" E. of truth. 


» 15th, » E. and W. of © a 3447 “4 
» 22nd,@ E. and W. of ¢ - 183 "i 
Nov. 4th, * am 302 * 
» lst, ” ” 343 ” 
Dec. 7th, < i 42 a 
eal Oth; je Stvand Wilt m 494 - 
» 19th, © E. and W. of ¢ 5 512 re 


Here is abundant evidence that No. 1759 chronometer, with the maker's 
error applied, is about fifty miles East of truth. The same method shows 
that 1690 is 140 miles East of truth. Therefore we will combine the 
rate by the * lunars of Dec. 15th with that by the © lunars of Dee. 19th, 
and we will allow that on Dec. 19th, 1759, chronometer is 4m. 12. 4s. fast, 
and gaining 1.4s. daily; also that 1690 is 12m. 12.0s. slow, and 
losing 12.9s. daily. Its last lunar rate is retained without combining 
it with that found on the 15th because it is known to go very badly and 
their second difference requires it. 

Dec. 31st.—The flash of the Madras gun gives us the following errors :— 


1759 4m. 382. 9s. fast. 1690 14m. 56. Os. slow. 
By bringing the above lunar errors up to Dec. 31st we have— 
1759 4m. 29s. fast. 1690 14m. 46. 7s. slow. 


So that we have the correct longitude to a mile by 1759, and to 24 miles by 1690 
chronometer. 


Surely this table is a fair proof of the great value of lunars and a 
protest against the way in which they are now neglected. Still, young be- 
ginners cannot be too often cautioned that a single lunar is of little or no 
value until the observer knows the usual difference between his lunars 
taken on opposite sides of the moon; and these should be taken with the 
same instrument, using the same screens and telescope, for he must re- 
member that they may be expected to differ. My star lunars differ from 
three to four minutes, or say fifty miles of longitude; my sun lunars from 
one to two minutes, or say twenty minutes of longitude. Knowing this, 
a single lunar is very valuable to me. 

Many people only take lunars after they have been some weeks away 
from port, but nothing will give such confidence in them as taking them 
just after leaving port, when the true longitude is well known. This 
gives the observer that constant error for lunars taken on each side of the 
moon which is so valuable; in fact, during the early part of the voyage 
the chronometers give the errors of the lunars, which kind office the lunars 


—s 


* Having the maker’s error applied. 

+ These x E. and W. of ¢ lunars are the only diversion in the proof that this 
chronometer is altering by a steady progression. Even they cautioned us in the right 
direction, just as we were about to sight the Rocas; and the © and ¢ lunars of five 
days earlier showed us that they are extreme in their caution. 


- 
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return as the passage draws to a close. This remark is most applicable to 
sun anu moon lunars, where you have to wait a fortnight before distances 
can be obtained on both sides of the moon. 

To illustrate this we will give the sun and moon lunars taken during 
our short passages in the Indian seas. 


No. 1690. No. 1759.2 
Slow of G.M.T. Fast of G.M.T. 
Mm. & m. 8. 


Feb. 25th, 1859.—The mean of two sets of © E. 
« lunars gave the following errors for the 
USEC OR NS ETs. salsosg cons seocsclusaceviedeversse 26 20.1 6 50.0 
These errors compared with the © E. ¢ errors 
found Dec. 26th give the following rates to 
SMTAPOMIGIICEETD: wvssccs.ccceseshesssbavescvecvees 0 12.8 losing. O 1.9 gaining. 
These errors meaned with the © W. ¢ errors 
found March 12th give the eee errors 


PETRIE SCE: 0 2s45s Vane ce oWasecheccucecnstdeciece 29 17.4 6 26.2 
Mar. 5th.—In Madras the gun flash gave these 
EERTREIAL © oSansistavoreschscebse%ssadteste ys 29 27.1 6 22.4 


0 17. 3losing. O 1.2 gaining. 


Hence the mean of these © E. and W. ¢ lunars is 10s. or 23’ E. of 1690, and 4s. or 
LE. of 1759. 


And these © E. ¢ rates differ from the Madras rates thus :— 
1690 losing 4. 9s. less daily. 1759 gaining 0. 7s. more daily. 


Var. 12th.—The mean of two sets of © W. ¢ 
lunars gave the following errors for the 
GEG sas 1 5, wnt aloes ships vadvavnetsccmiek ect 32 2.0 6 0.3 
These errors compared with the © W. « 
errors found Dec. 12th give the following 
rates to the chronometers..........sssessecesevee 0 13.4 losing. 0 1.6 gaining. 
The meaning of these errors with those taken Feb. 25th is given above. 


Hence these © W. ¢ rates differ from the Madras rates thus :— 

1690 losing 3. 9s. less daily. 1759 gaining 0. 4s. more daily. 

Here we must remark that the ship was in Madras on March dth, so 
that the actual errors of the chronometers were known, and the mean of 
the lunar errors agrees with it to one mile in the case of the best chrono- 
meter, and its last lunar rate to four-tenths of a second; but rates found 
in port are not of great value, because changing the cargo disturbs the 
chronometers very much. 

The use of these lunars taken when the ship’s actual position was known, 
is this: we learn from them that my © E. ( lunars give a position about 
84 miles East of truth, and the © W. ( ones the same amount West of 
truth. This known makes one set of lunars valuable. 

It would be of little use to give the results of my lunars during the 
passage home,—they are to be found in the log kept for the Board of 
Trade ; suffice it to say that they give a position about fifteen miles Kast 
of our best chronometer. So that, relying on them, we steered for the 
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Lizard Lights, and about 9h. 30m. p.m. of August 12th we found our 
position by altitudes of the North Star and Arcturus, which put us about 
twenty-eight miles from the Lizard. The look-out man was then ordered 
to go on the fore-topsail yard: he reported the lights immediately. 

August 1'th.—The chronometers were taken by Messrs. Brocksank & 
Arxins, who at my request watched their rates for nine days, which I 
give below. 


No. 1690. No. 1759. 
s. S. 
AUBUSt LST fs seic eden os, pk 2a LOSI anssatewecessa 0. 5 losing. 
Sy M ELL: SebdescbeseGs GORI iyfh Sobdooerene ewe. Q.5 gaining. 
Se SULA Lis case bhieate bee ur eee 1 L025 
Pye AUB E Pek tedoec. DD ag iccansawesanes 1. Dy, 
py UALncUICl aap z Sea seaees 10:4 35} indir ited (hee 
6 CSCS Renee 9.8 asc: (ip aan neds 1. Bains 
fe ieath RP Ee. Gi Siainewcntsweceyeeeeaey 1, Beey 
se eOth bate de ee toy G28 aut A eas 1; Gaiky 
Pad OG ia Cmte. 2. DSi cigal ae tvanepenecaive LiBiny 
Now from St. Helena to England their sea rates had been about :— 
1690 13. 5s. losing. 1759 2. Os. gaining. 


Here it seems that 1690 had taken up a steady daily rate of 3. 7s. less 
than its sea-rate, whilst the good chronometer 1759 was inclined to 
return to its sea rate; showing that a chronometer is liable to be affected 
by the change it undergoes in being taken from a ship at sea to a maker’s 
shop in the city of London, and vice versdé, which is the most important 
side of the argument. 

I think it has now been proved that the time has not yet come for 
throwing to one side that great benefit conferred on navigation by the 
Greenwich Observatory. in bringing the lunar tables to such perfection 
that the longitude may be ascertained at: sea by means of the angular dis- 
tance between the moon and other heavenly bodies; but that this method 
has. side by side with chronometers, been making rapid strides in im- 
provement, and that hand in hand they insure the certainty of the longi- 
tude even though a ship should continue four years out of sight of land. 
The period four years is merely mentioned because the Nautical 
Almanacs are published for that time in advance. 


TABLE I. 1 I 


Difference of Latitude and Departure for 4 Point. 

\Dist.! Lat. Dep. |Dist.' Lat. Dep. 'Dist.| Lat | Dep. ‘Dist.! Lat. | Dep Dist.| Lat. | Dep. 
1 | 01.0/00.0] 61) 60.9 03. of ag! 121|120.9, 05.9) 181 180. 8) 08. 41/240. 7) 11.8 
2 | 02.0/00.1] 62, 61-9 03.0 | 122/121.9 06.0] 182 181. 8 08.9} 242 241.7) 11.9 
3 | 03.0| 00-1 63 62.9 03.1] 123/122. 9 06.0 | 183 182. 8/09. 242.7, 11.9 
4 | 04.0) 00.2] 64! 63.9 03.1] 124/123. 9, 06.1] 184183. 8 243.7) 12.0 
5 | 05.0| 00.2] 65| 64.9 03.2] 125|124.9 06.1] 185184, 8 244.7 12.0 
6 | 06.6/00.3] 66] 65.9: 03.2) 126,125.8 06.2] 186/185. 8} 09.1]| 246/245. 7) 12.1 
7 | 07.0| 00.3] 67) 66.9) 03.3} 127/126. 8 06.2] 187,186. 8) 69. 246. 7| 12.1 
8 | 08.0|/00.4] 68] 67.9) 03.3] 128 127.8 06.3) 188/187. 8) 09. 247. 7| 12.2 
9 | 09.0| 00.4! 69] 68. 9| 03.4|| 129 128. 8 06.3} 189/188. 8) 09. 248. 7| 12.2 
10 | 10.01 00.5] 70| 69.9] 03.4'| 130 129. 8 06. 4'] 190'189. 8 09. 249, 7| 12.3 
il { 11.0/ 00.5) 71] 70.9| 03.5] 131/130. 8 06. 4|| 191/190, 8) 09. 4|| 251/250. 7] 12.3 
12 | 12.0) 00.6] 72) 71.9) 03.5) 132 131.8 06.5] 192/191. 8 09. 4} 252 251. 7| 12. 4 
13 | 13.0) 00.6) 73] 72. 9/ 03.6] 133,132. 8 06.5] 193/192. 8] 09.5] 253/252. 7] 12.4 
14 | 14.0) 90.7] 74] 73.9) 03 6] 134 133. 8 06.6] 194/193. 8) 09. 5] 254/253. 7] 12. 5 
15 | 15.0/00.7] 75] 74.9/ 03.7] 135.134.8 06.6} 195/194. 8) 09. 6] 255/254. 7] 12.5 
16 | 16.0) 00.8] 76) 75.9| 03.7) 136)135. 8 06.7] 196|195. 8] 09. 6]| 256,255. 7) 12.6 
17 | 17.0} 00.8] 77| 76.91 03.8] 137/136. 8) 06.7] 197/196. 8] 09. 7] 257/256. 7| 12.6 
18 | 18.0] 00.9], 78} 77. 9| 03.8] 138'137. 8! 06. 8]| 198/197. 8] 09. 7] 258/257. 7) 12.7 
19 | 19.0) 00.9] 79] 78,9| 03.9] 139|138. 8 06.8] 199/198. 8) 09. 8]| 259/258. 7; 12.7 

| 20 | 20.0) 01.0] 80] 79.9; 03.9] 140,139. 8] 06.9 || 200)199. 8] 09. 8] 260/259. 7| 12. 8 
21 | 21.0)01.0] 81) 80.9! 04.0] 141/140. 8] 06,9] 201/200. 8| 09. 9|| 261/260. 7) 12. 8 
22 | 22.0/01.1] 82] 81.9' 04.0] 142/141. 8/ 07.0] 202/201. 8| 09. 9|| 262/261. 7| 12.9 
23 | 23.0101.1] 83} 82.9| 04.1] 143/142. 8] 07.0] 203/202. 8| 10.0] 263/262. 7| 12.9 
24 | 24.0/01.2] 84] 83.9) 04.1]| 144/143. 8] 07.1] 204/203. 8] 10. 0|| 264/263. 7| 13.0 
25 | 25.0/01.2] 85] 84.9) 04.2] 145/144. 8] 07.1] 205/204. e! 10.1) 265/264. 7: 13.0 
26 | 26.0/01.3]]- 86) 85.9) 04.2]| 146/145. 8] 07.2) 206 205. 8| 10. 1] 266/265. 7| 13.1 
27 | 27.0/ 01.3] 87] 86.9] 04.3] 147/146. 8| 07.2] 207/206. 8 10 2|| 267/266. 7/ 13.1 
28 | 28.0/01.4]| 88] 87.9] 04.3] 148/147. 8] 07.3] 208/207. 8] 10. 2|| 268/267. 7/ 13.2 
29 | 29.0/01.4] 89] 88.9) 04.4] 149/148. 8] 07.3] 209/208. 8] 10.3}, 269/268. 7] 13. 2 

30 | 30.0 a4 90| 89. 9] 04.4 150|149. 8| 07. 4 || 210/209. 8 10.31 270/269. 7| 13.3 
31 | 31.0/01.5]| 91] 90.9] 04.5] 151/150. 8| 07, 4|| 211/210. 7| 10.4 || 271/270. 7] 13.3 
32 | 32.0/01.6] 92) 91.9, 04.5} 152/151. 8] 07. 5] 212)211. 7] 10.4} 272/271. 7 13.3 
33 | 33.0/ 01.6] 93] 92.9) 04.6] 153/152. 8 07.6] 213/212. 7/10. 5 273/272. 7| 13.4 

0 01. 94] 93.9) 04.6] 154/153. 8] 07.6] 214/213. 7] 10. 5]| 274/273. 7| 13.4 
0 95} 94.9) 04.7|| 155/154. 8] 07. 6 || 215/214. 7] 10. 6]] 275/274. 7] 13.5 
.0 96| 95.9) 04.7] 156/155. 8] 07. 7 216/215. 7| 10. 6]| 276/275. 7| 13.5 
.0 97| 96.9] 04.8] 157/156. 8| 07.7) 217/216. 7| 10-7] 277/276. 7| 13.6 
.0 98) 97.9) 04.8] 158/157. 8] 07.8] 218)217. 7] 10.7] 278/277. 7| 13. 6 
99| 98.9) 04.9] 159/158. 8] 07. 8} 219/218. 7] 10. 8] 279/278. 7] 13.7 
100) 99.9) 04.9] 160/159. 8] 07. 9] 220/219. 7] 10. 8]] 280/279. 7] 13.7 
101|100. 9! 05.0]] 161/160. 8| 07.9 || 221/220. 7] 10. 8}] 281/280. 7] 13.8 
102/101. 9] 05.0] 162/161. 8) 08.0] 222/221. 7] 10. 9) 282/281. 7/ 13.8 

103) 102. 9} 05.1] 163/162. 8| 08.0]} 223/222. 7] 10.9] 283/282. 7| 13.9 
104/103. 9| 05.1} 164/163. 8] 08. 1 |) 224/223. 7| 11.0] 284/283. 7| 13.9 
105|104. 9} 05.2] 165/164. 8] 08. 1} 225/224. 7] 11.0] 285/284. 7| 14.0 
106/105. 9} 05.2} 166)165. 8]:°8. 2] 226/225. 7] 11. 1) 2861285. 7] 14.0 
107/106. 9} 05.3] 167,166. 8] 1-8. 2|) 227/226. 7/ 11.1] 287/286. 7| 14.1 
108/107.9) 05.3} 168/167. 8) 8,2) 228/227. 7) 11.2} 288/287. 7] 14. 1 
109|108. 9} 05. 4]} 169,168. 8] 08.3] 229/228. 7} 11.2] 289/288. 7| 14.2 
110,109. 9} 05.4 170|169, &| 08.3] 230/229. 7| 11.34 290/289. 7/14. 2 
111/110. 9] 05.5] 171/170. 8| 08.4] 231/230. 7] 11. 34 291/290. 7[ 14.3. 
112/111. 9) 05.5] 172/171. 8| 08.4 232/231. 7) 11. 4] 292291. 7| 14.3 

113/112. 9) 05.5 173, 172. 8| 08.5] 233/232. 7| 11. 4] 293/292. 7) 14.4 

114/113. 9) 05. 6 174/173. 8! 08.5 | 234/233. 7| 11.54 294/293. 6! 14. 4 

115/114. 9) 05.6] 175174. 8 98.6] 235/234. 7| 11.5} 295/294. 6] 14.5 

116.115. 9: 05.7|| 176 175. 8| 98.6] 236/235. 7| 11.6} 296/295. 6| 14.5 
117/116.9! 05.7} 177 176. 8| 98.7} 237/236. 7| 11. 6] 297/296. 6] 14.6 

118117. 9) 05.84 178 177. 8| U8.7| 238/237. 7| 11.7] 298|297. 6] 14.6 

119 118.9] 05.8} 179 178. 8| 03 8 = 238.7| 11.7] 299/298. 6| 14.7 

|_ 120,119. 9) 05.9] 180 179. 8] 08. 8 | 240239. 7| 11.8] 300/299. 6) 14,7 


For 72 Points. 


TABLE I. 
Difference of Latitude and Departure for 3 


.| Lat. | Dep. |Dist.| Lat. 
121/120. 
122 121. 
123,122. 
124123, 
125/124. 
126 125. 

127)126. 
128 127. 
129 128. 
130|129. 4 
131/130. 
132/131. 
133/132. 
134 133. 
135/134. 
136)135. 
137 136. 
138/137. 
139)138. 
140/139. 
141|140. 
142/141. 
143)142. 
144|143. 
145 144, 
146145. 
147|146. 
148/147, 
149)148. 
150)149. 
151150. 3| 14. 
152|151. 
153/152. 
154/153. 
155/154, 
156|155. 
157|156. 
158)157. 
159|158. 
160|159. 


| 161/160. 2] 15. 8| 
162|161. 
163)162. 
164/163. 
165/164. 
166 
167 
168 
169, 
170 
171 
172 
173 


—) 
° 


249, 
250. 
251. 
54/252. 
5/253. 
»/254. 
255. 
256. 
59 257.8 
258.7 
259.7 
32/260. 7 
261.7 
262.7 
263.7 
264.7 
265.7 

18 266.7 
: }9 267.7} 26. 
.7|| 271/269. 7| 26.6 
.8|| 272'270.7 
.9|| 273,271.7 
.0|| 274/272.7 
1] 275.273.7 
216/215. .2|) 276,274.7 
217/216. .3|| 277/275.7 
218/216. 9] 21.4] 278276. 7 
219/217. .5|| 279 277.7 
220/218. .6'| 280\278. 7 


| 221/219. 9 21. 121.7 281/279. 6 
222/220. -8|| 282/280.6 
223/221. -9|| 283)/281.6 
224/222. .0 || 284/282.6 
225|223. - 1} 285/283. 6 
226/224. § .24 286/284.6 
227/225. .2 || 287/285. 6 
228/226. -3|| 288/286. 6 
229/227. .4|| 289/287. 6 
230)\228. -5 || 290/288. 6 


231229. 9 289.6 
232/230. 290. 6 
233/231. ; 3|291.6 
234/232. : 292. 6 
235/233. : 5/293. 6 
236|234. : 294.6 
237/235. 9| 23.2 || 297/295. 6 
118)117.4 238/236. 9) 23.3 || 298/296. 6 
119,118. 4) 11. 239/237. 8] 23. 4|| 299 297.6 

120/119. 4) 11. 180,179. 1) 17. 6|| 240 238. 8) 23.5 300/298. 6 


Dist.| Dep. Lat. ||Dist. Dep. | Lat. Dist. Dep. | Lat. |/Dist. ‘Dep. Lat. Diat.| Dep. | Lat. 
For 73 Points. | 
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201 
202 
203 
204 
205 
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207|2 
208 207. 
209) 208. 
210/209. 


211/210. 
212/211. 
213/212. 
214/213. 
215/214. 
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110)109. 


111/110. 
112\111. 
113)112. 
114/112. 
115,114. 
116)115. 
117/116. 


.6 
6) 
6 
.6 
6 
15 
5 
5 
5 
5 
5 
| 100] 99. 5| 09. 8| 
| 101/100. 5] 09. 9| 
5 
5 
3) 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
4 
4 
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Dist.| Dep. | Lat. [Dist.| Dep. 


TABLE I. 
Difference of Latitude and Departure for 2 Point. 


Dep. |Dist.| Lat. | Dep. |Dist.| Lat. | Dep. ||Dist.| Lat. | Dep. |/Dist.| Lat. | Dep. 


00.14 61] 60.3] 09.0] 121/119. 7| 17.8] 181.179. 0] 26.6 || 241/238. 4) 35.4 
00.3} 62) 61.3] 09.1] 122/120.7| 17.9] 182 180.0) 26.7] 242/239. 4) 35.5 
00.4] 63) 62.3] 09.2] 123)121.7| 18.1] 183 181. 0| 26.9} 243/240. 4) 35. 7 
60.6] 64] 63.3/ 09.4] 124/122. 7] 18.2]| 184 182.0) 27.0] 244/241. 4 35.8 
00.7) 65) 64.3] 09.5] 125/123. 7| 18.3]| 185 183. 0] 27. 2} 245/242. 4/ 36.0 
00.9] 66] 65.3/ 09.7} 126 124. 6] 18.5] 186 184. 0| 27.3] 246/243. 3| 36.1 
01.0} 67! 66.3) 09.8] 127/125. 6| 18.6]| 187,185. 0| 27. 4]| 247/244. 3) 36. 2 
01.2] 68] 67.3) 10.0] 128126. 6| 18.8] 188 186. 0] 27. 6|| 248,245. 3] 36. 4 
01.3} 69] 68.3] 10.1} 129 127.6| 18.9]| 189 187.0] 27.7]|| 249 246. 3) 36.5 
01.5]. 70l 69.2' 10.3] 130 128. 6} 19.1]! 190 187. 9] 27.9} 250/247. 3| 36. 7 
01.6) 71) 70.2) 10.4 131,129. 6] 19.2] 191188. 9] 28.0] 251/248. 3] 36. 8 
01.8] 72) 71.2] 10.6] 132:130. 6] 19.4]] 192'189. 9] 28. 2]| 252/249. 3] 37.0 
01.9] 73) 72.2) 10.7] 153'131.6| 19.5] 193 190.9] 28.3) 253/250. 3] 37.1 
02.1] 74! 73.2) 10 9] 134/132. 6) 19.7] 194 191.9] 28.5]} 254/251. 3] 37.3 
02.2] 75| 74.2) 11.0 135/133.5 19. 8k 194 192. 9| 28. 6]| 255/252. 2| 37. 4 
02.3] 76] 75.2) 11.2] 136,134. 5) 20. Oi 196 193. 9| 28 8] 256/253. 2| 37. 6 
02.5] 77| 76 2) 11.3] 137,135. 5| 20.1] 197, 194. 9| 28.9]) 257\254. 2) 37.7 
02.6] 78) 77.2| 11.4] 138 136.5] 20.3] 198 195. 9} 29. 1] 258/255. 2| 37.9 

02.8] 79| 78.1| 11.6] 139 137.5] 20.41 199 196. 8) 29.2) 259/256. 2] 38. 0|f 
02.9] 80) 79.1] 11.7] 1401138. 5] 20. 5|} 200 197. 8] 29. 4] 260,257. 2| 38. 2 
03.1 81] 80.1] 11.9]| 141/139. 5] 20. 7|| 201:198. 8] 29. 5]! 261/258. 2] 38.3 
03.2) 82] 81.1/ 12.0] 142/140. 5| 20. 8|| 202'199. 8] 29.6]! 262/259. 2] 38. 4 
03.4]) 83] 82.1) 12.2] 143/141. 5) 21.0} 203 200. 8} 29. 8|| 263 260. 2) 38. 6 
03.5) 84] 83.1] 12.3]] 144 142. 4] 21.1] 204 201. 8] 29. 9]| 264 261.1] 38.7 
03.7) 85) 84.1] 12.5] 145 143. 4] 21.3|| 205 202. 8; 30. 1] 265 262. 1] 38. 9 
03.5) 86] 85 1| 12.6] 146 144.4! 21.4] 206 203.8 30.2 266 263. 1] 39.0 
04.0] 87] 86.1| 12.8] 147 145.4] 21.6] 207.204. 8| 30.4|} 267,264. 1) 39. 2 
04.14 88) 87.1| 12.9] 148 146. 4] 21.7]| 208 sone eae 268 265.1] 39.3 
04.3} 89} 88.0] 13.1] 149 147. 4| 21.9] 209 206. 7| 30.7! 269 266. 1] 39.5 
04.4] 90} 89.0] 13.2] 150 148. 4] 22.0]| 210 207.7 30.8| 270 267. 1) 39.6 

04.6] 91] 90.0] 13.4] 151 149. 4] 22.2] 211 208.7/ 31.0] 271 268.1139 8/f 
04.7] 92! 91.0| 13.5] 152 150. 4| 22.3] 212 209. 7) 31. 1|| 272 269.1] 39.9 
04.8] 93] 92.0) 13.7] 153 151.3] 22.5] 213 210. 7/ 31. 3]| 273,270. 0] 40. 1 
05.0] 94! 93.0] 13. 8]] 154 152. 3] 22.6] 214 211.7| 31. 4|| 274 271. 0} 40.2 
05.1] 95] 94.0] 13.9] 155 153. 3] 22.7] 215 212. 7/31. 6] 275,272. 0| 40. 4 
05.3] 96] 95.0) 14.1] 156 154. 3] 22.9] 216 213. 7| 31.7] 276/273. 0] 40. 5 
05.41 97| 96.0] 14.2] 157 155.3! 23.0]| 217 214. 7] 31.8 27e1ee 40.6 
05.6] 98) 96.9] 14.4] 158 156. 3] 23.2]} 218 215. 6] 32. 0|| 278'275. 0} 40.8 
05.7] 99] 97.9] 14.5] 159 157. 3} 23. 3/1 219 216. 6| 32. 1]] 279|276. 0} 40. 9 
05.9 || 100} 98.9] 14.7] 160 158. 3] 23.5]| 220 217. 6| 32.3]! 280 277.0] 41 1 
06.0] 101] 99.9] 14.8] 161 159.3] 23.6]] 221 218. 6| 32. 4}} 281 278.0] 41.2 
06.2) 102/100. 9| 15. 0]] 162 160. 3] 23.8 || 222 219. 6| 32. 6|| 282 279. 0] 41.4 
06.3} 103/101. 9] 15.1] 163 161.2) 23.9 || 223 220. 6] 32.7|| 283 279.9] 41.5 
06.51 104/102. 9} 15.3} 164 162.2) 24.1 224/221, 6 32.9]| 284/280. 9] 41.7 
06.6] 105,103. 9] 15.4] 165 163. 2| 24.2] 225 222. 6) 33. O|| 285/281. 9] 41.8 
06.8] 106|104.9| 15.6] 166 164. 2] 24.4} 226:223, 6] 33.2] 286/282. 9] 42.0 
06.9|| 107/105. 8} 15.7] 167|165. 2| 24. 5|| 227 224. 5| 33. 3]) 287/283. 9} 42.1 
07.0|| 108 106. 8| 15.9] 168 166. 2) 24.7]| 228 225, 5| 33, 5|| 288/284. 9] 42.3 
07.2| 109/107. 8| 16.0] 169/167. 2| 24. 8|| 229,226. 5| 33. 6] 289/285. 9] 42. 4 
07.3] 110/108. 8| 16.1} 170:168. 2| 24. 9]} 230 227. 5] 33. 8] 290/286. 9| 42.6 
07. 171/169. 2| 25. 1] 231/228. 5| 33. 9|| 291/287. 9] 42.7 
07. 172.170 1) 25.2} 232 229. 5| 34.0]| 292)288. 8] 42.9 
07. 173 171.1) 25.4} 233'230. 5| 34.2] 293/289. 8} 43.0 
07. 174 172. 1| 25.5] 234/231. 5| 34.3]| 294/290. 8) 43.1 
08. 175 173. 1) 25.7] 235/232. 5| 34.5|| 295/291. 8} 43.3 
08.2 176 174. 1| 25. 8] 236'233. 4| 34. 6 |) 296/292. 8) 43. 4 
: 177 175. 1) 26.0} 237/234. 4) 34.8 297/293. 8| 43. 6 
178 176. 1] 26. 1] 238/235. 4| 34.9] 298)294. 8) 43.7 
179'177. 1| 26.3|} 239 236. 4| 35.1] 299|295. 8] 43.9 
08.8 180/178. 1} 26. 4} 240, .2|| 300 44.0 
For 7} Points. 


TABLE I. 
Difference of Latitude and Departure for 1 Point. 


ist.| Lat. | Dep. | Dist.) Lat. |Dep. Dist.} Lat. | Dep. |Dist.) Lat. | Dep. \Dist.| Lat. | Dep. 
47.0 
‘ 47 2 
123/120. 6) 24. 0} ; : .3| 47.4 
124/121.6 47.6 
125|122.6 47.8 
126/123. 48.0 
127/124. 48.2 
128|125. 48.4 
129/126. 48.6 
130)127. 48.8 


131|128. . 6|| 191/187. . 3], 251/246. 2) 49. 0 
132/129. . 8] 192/188. | 5]| 252/247, 2) 49.2 
133/130. . 0} 193/189. .7|| 253/248. 1) 49.4 
134/131. .1]| 194}190. 8] 254/249. 1] 49.6 
135] 132. 3] 195/191. 0] 255/250. 1] 49.7 
136/133. . 5} 196/192. 2! 38. 2|| 256/251, 1] 49.9 
137|134. : 4} 257/252. 1) 50.1 
138|135. ; 194. . 6} 258/253. 0| 50.3 
139|136. ; : 8] 259/254. 0) 50.5 
140| 137. 50.7 


| 50.9 
51.1 
51.3 
51.5 
51.7 
51.9 
62.1 
52.¢ 


bo 


WOWOOSS 
Sled nd FB i: 


ALNOAAENOSDIARNOADAPNW SO layer — Oats =o 
eS) 


2016197. .2|| 261/256. 
202/198. 262/257. 
203) 199. 263/258. 
204/200. 264/258, 
265|259. 
266/260. 


.3|| 205.201. 

| 146/143. .5|| 206 202. 
267/261, 
268'262. 


147/144, .7|| 207 203. 
148|145, .9|} 208 204. 
149/146. 1) 29.1] 209,205. 269/263 8] 52.5 
150/147. .3]| 210 206. 2701264. 8! 52.7 | 
151/148. .5 || 211|207. 271| 52.9 
152|149. <7 || 212 207; 272/266. 8) 53.1 
153]150. 1} 29.9} 213'208. 273/267. 8 53.3 
154/151. 0) 30. 0}| 214 209, 274/268. 7| 53.5 
155/152. 0; 30.2} 215'210. 275/269. 7| 53. 6 
156|153. .4]) 216/211, 276\2 53.8 
157|154. 0; 30. 6] 217 212. 8 277 54.0 
158}155. 0) 30. 8|| 218 213. .5|| 278)2 
159/156. 0/ 31. 0|| 219,214, .7|| 279 
160|156. 9! 31. 2]] 220 215, .9|| 280 
161|157. 9) 31. 4}) 221/216. . 1] 281 
162|158. .6]| 222 217.7 282 
163/159. .8 |} 223,218.7 283 
| 164/160. 9| 82.0) 224/219. 7 
165/161, 2] 225'220. 7| 43. 
166|162. 8! 32. 4}| 226 221. 7| 44.1] 286/280. 
167|163. 8 32.6)| 227 222. 6] 44.3) 287/281. 
168/164, 8) 32.8'| 228 223. 6] 44.5|| 288/282. 
|| 229 224, 6| 44,7] 289/283. 
230 225. 6| 44.9} 290/284. 


231/226. 6| 45. 285. 
232/227. 5| 45. 2/286. 
233/228. 5| 45. 287. 
234/229, 5 4\288. 
235 230.5 289. 
236 231.5 
237 232.5 
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96. 
97. 
98. 
99. 
102|100. 
103/101. 
104|102. 
105|103. 
196) 104. 
107|104. 
108} 105 
109| 106. 9} 21. 
110/107. 9} 21. 


111|108. 
112)109. § 
113/110. 
114)111. 
115|112. 
116|113. 
117\|114. 
118/115. 7| 23. 
119)116. 7) 25 
120|117. 7| 23. 
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TABLE I. 
Difference of Latitude and Departure for 1} Point. 


Dist | Lat. | Dep. |Dist.| Lat. | Dep. |Dist.| Lat. | Dep. |Dist.| Lat. | Dep. [Dist.| Lat. | Dep. 
1 | 01.0) 00.2 .8| 121|117. 4) 29.4] 181/175. 6| 44.0 241 233. 8 58.6 
2 | 01.9) 00.5 122|118.4) 29. 6]| 182/176. 5 2/234. 8) 58.8 
3 | 02.9|00.7 123/119. 3, 29.9] 183177. 5 235. 7| 59.0 
4 | 03.9] 01.0 124/120. 3, 30.1] 184|178, 5 236. 7| 59.3 
5 | 04.9] 01.2 125 30.4] 185|179.5 237. 7| 59.5 
6 | 05.8, 01.5 126/122.2 30.6] 1861180. 4 .6| 59.8 
7 | 06.8) 01.7 127)123.2 30.9] 187)181.4 .6 60.0 
8 | 07.8) 01.9 128|124.2 31.1] 188/182, 4 . 6 60.3 
9 | 08.7) 02.2 129|125. 1| 31.3) 189/183.3 . 6| 60.5 
10 | 09.7| 02.4 | 130,126. 1/31. 6|| 190,184. 3 . 5| 60.8 

iW | 10.7) 02.7] | 131]127.1| 31. 8|| 191|185.3 46.4] 251/243. 5| 61.0 
12 | 11.6| 02.9 132/128. 1! 32. 1] 192|186. 2, 46. 7|| 252/244. 5| 61.2 
13 | 12.6] 03.2 133 |129. 0) 32.3] 193/187. 2) 46.9|| 253 245. 4/ 61. 5 
14 | 13.6) 03.4 134/130. 0) 32. 6|| 194/188. 2) 47.1]| 254/246. 4| 61.7 
15 | 14.6| 03.6 135/131. 0) 32. 8] 195|189. 2) 47. 4]} 255/247. 4| 62.0 
16 | 15.5|03.9] 76 136/131. 9] 33.1] 196|190. 1) 47.6] 256 248. 3) 62.2 
17 | 16.5}04.1] 77| 74.7) 18.7|| 137/132. 9) 33.3] 197/191. 1) 47.9] 257/249. 3) 62.5 
18 | 17.5|04.4) 78] 75.7) 19.0] 138/133. 9) 33. 5] 198/192. 1] 48, 1]| 258/250. 3, 62.7 
19 | 18.4|04.6) 79] 76.6| 19.2] 139)134. 8) 33. 8] 199/193. 0] 48. 4] 259/251. 3) 62.9 
20 | 19.4|04.9] 80] 77.6] 19.4] 140|135. 8) 34.0] 200)194. 0) 48, 6] 260/252. 2| 63.2 
21 | 20.4/05.1] 81] 78.6] 19.7] 141|136. 8] 34.3] 201 1/195. 0/ 48. 8] 48.8] 261/253. 2| 63.4 
22 | 21.3/05.4] 82| 79.6) 19.9] 142/137. 8) 34. 5] 202/196. 0, 49.1) 262/254. 2) 63.7 
93 | 22.3/05.6} 83) 80. 5| 20.2|| 143/138. 7/34. 8]) 203/196. 9| 49. 3] 263255. 1) 63.9 
24 | 23.3/05.8] 84| 81.5] 20.4] 144139. 7| 35.0} 204'197.9| 49. 6} 264/256. 1| 64.2 
25 | 24.3/06.1} 85] 82.5] 20.7] 145]140. 7/ 35.2] 205/198. 9) 49. 8) 265/257. 1] 64. 4 
26 | 25.2\06.3] 86] 83.4) 20.9] 146/141. 6] 35. 5] 206/199. 8| 50.1] 266 258. 0| 64.6 
97 | 26.2}06.6] 87| 84.4) 21.1] 147/142. 6] 35.7] 207/200. 8| 50.3], 267259. 0] 64.9 
28 | 27.2/06.8] 88] 85.4) 21.4] 148/143. 6] 36.0] 208/201. 8| 50. 5} 268 260. 0] 65. 1 
29 | 28.1] 07.1} 89] 86.3) 21.6] 149]144, 5) 36.2) 209/202. 7) 50. 8) 269,261. 0) 65, 4 
30 | 29.1/07.3]| 90) 87.3 21.9 150,145. 5] 36. 5], 210/203. 7] 51.0] 270/261. 9) 65. 6 
31 | 30.1/07.5] 91) 88.3) 22.1) 151/146. 5{ 36.7) 211/204. 7] 51.3]| 271/262. 9| 65.9 
32 | 31.0/07.8]| 92) 89.3) 22.4] 152/147. 4| 36.9] 212/205. 7] 51. 5]| 272/263. 9] 66.1 
33 | 32.0) 08.0] 93] 90. 2] 22.6] 153]148. 4| 37.2] 213/206. 6| 51. 8} 273 264. 8 66.3 
34 | 33.0) 08.3] 94) 91. 2/ 22.8] 154]149. 4| 37.4] 214/207. 6] 52. 0|| 274/265. 8] 66. 6 
35 | 34.6) 08.5) 95} 92. 2) 23.1) 155]150. 4] 37.7] 215/208. 6! 52.2] 275/266. 8| 66. 8 
36 | 34.9] 08.8] 96) 93.1) 23.3] 156]151. 3) 37.9] 216/209. 5) 52. 51 276/267. 7| 67.1 
37 | 35. 9109.0] 97) 94.1] 23.6) 157}152. 3) 38.2] 217/210. 5) 52 -7|| 277/268. 7| 67.3 

38 | 36.9}09.2] 98 95.1) 23.8] 156/153. 3) 38. 4]| 218/211. 5 53. Off 278/269. 7| 67. 6 
39 | 37.2/09.5]| 99] 96.0) 24.1] 159]154. 2) 38. 6]| 219/212. 5) 53. 2]| 279/270. 7| 67. 8 
40 | 38.8/09.7] 100) 97.0] 24.31 160}155. 2/ 38.9] 220/213. 4| 53. 5] 280)271. 6] 68.0 
41 | 39.8] 10.0 101) 98.0) 24.5] 161|156. 2] 39.14 221/214, 4] 53°7|| 281/272. 6| 68.3 
42 | 40.7| 10.2] 102} 99.0) 24.8] 162]157. 2) 39. 4]] 222/215. 4] 53. 9]| 282/273. 6! 68.5 
43 | 41.7) 10.5] 103) 99.9 25.0] 163/158. 1] 39. 6|| 223/216. 3] 54.21) 283/274. 5] 68.8 
44 | 42.7/ 10.7] 104/100. 9) 25.3) 164/159. 1) 39.9 | 224/217. 3) 54. 4|| 284/275. 5) 69.0 
45 | 43.7) 10.9} 105101. 9) 25.5) 165/160, 1) 40. 1} 2251218. 3) 54. 7|/ 285|276. 5) 69.3 
46 | 44.6) 11.2} 106102. 8 25.8] 166]161. 0] 40.3] 226/219, 2) 54.9] 286/277. 4| 69.5 
47 | 45.6) 11.4] 107|103. 8) 26.0} 167/162. 0| 40. 6| 224|220, 2] 55.21) 287/278. 4| 69.7 

48 | 46.6) 11.7] 108 104.8! 26 2] 168}163.6 40.8] 22:/221, 2) 55. 4|| 288/279. 4| 70. 0 

49 | 47.5/ 11.9] 109,105. 7| 26.5} 169]163. 9] 41.) | 229/222, 2) 55.6) 289/280. 4! 70. 2 

50 | 48.5} 12.2} 110,106. 7| 26.7] 170|164 9 41.3) 280|223.1| 55.9 | 290/281. 3| 70.5 

51 | 49.5) 12.4} 111|107.7| 27.0] 171/165.9 41 6] 231/224. 1] 56.1 291 282.3] 70.7 
52 | 50.4) 12.6) 112/108. 7) 27.2) 172 166.9 41.8) 932/225. 1) 56. 4} 292/283. 3! 71.0 
53 | 51.4) 12.9) 113/109. 6| 27.52 172/167. 8) 42.0] 233/226. 0| 56. 6|| 293/284. 2/ 71.2 
54 | 52.4) 13.1] 114/110. 6) 27.74 174|168. 8| 42. 3]| 234/227. 0] 56. 9]| 294/285. 2/71. 4 

55 | 53.4) 13.4] 115/111. 27.9] 175/169. 8| 42.5 | 235/228. 0) 57.1]) 295/286, 2) 71.7 

56 | 54.3] 13.6] 116112. 5| 25.2] 176/170. 7| 42.8] 236/228. 9| 57.3] 296/287. 1) 71.9 

57 | 55.31 13.9} 117.113. 5) 28.4] 177/171. 7| 43.0} 237/229. 9] 57.6], 297/288. 1| 72. 2 

58 | 56.3/ 14,1} 118114. 5) 28.7} 178)172.7| 43.3] 238/230, 9] 57. 8) 298/289. 1| 72. 4 

59 | 57.2) 14,3] 119/115. 4) 28.9] 179|173. 6] 43. 5 |, 239/231. 8) 58.1] 299/290. 1) 72.7 

60 | 58.2) 14.6] 120116. 4) 29.2] 180/174. 6 43.7 | 240/232. 8) 58.3) 300.291. 0) 72. 9 


.| Dep. | Lat. jDist.| Dep. 


Lat. |Dist.| Dep. | Lat. |Dist. ‘Dep. Lat. }Dist. 


| Dep. | Lat. 


For 63 Points. | 


6 | TABLE I. 
Difference of Latitude and Departure for 15 Point. 


Dist. Lat. | Dep. |Dist.! Lat. Dep. Dist.| Lat. | Dep. Dist.| Lat. | Dep. |/Dist.| Lat. | Dep. 
“T | 01.0, 00.3] 61 58.4 17.7][ 121.115. 8 35.1] 181/173. 2/52. 5] 241 230. 6) 70.0 
2' 01.9 00.671 62) 59.3/18. 0] 122 116.8 35.4] 182 174, 2) 52. 8) 242 231.6) 70.3 
3 | 02.9 00.9] 63) 60.3) 18.3]} 123 117.7 35.7]} 183,175. 1] 53. 1}, 243232. 5) 70.5 
4 | 03.8 01.2] 64] 61.2) 18.6] 124.118. 7) 36.0] 184/176. 1) 53.4] 244 233.5) 70.8 
5 | 04.801.5] 65! 62.2/18.9|| 125/119. 6 36.3] 1851177. 0| 53.7] 245:234.5| 71.1 
6 | 05.7/01.7|| 66) 63. 2| 19.2}) 126120. 6 36.6} 186)178. 0| 54.0 246'235.4| 71.4 
7 | 06.7, 02.0} 67) 64.1) 19.5] 127)121.5) 36.9] 187/179. 0) 54.3} 247/236. 4) 71.7 
8 | 07.7 02.3] 68 65.1/19.7]| 128 122. 5) 37. 2] 188 179. 9] 54. 6} 248/237. 3) 72.0 
9 | 08. 6) 02.6 G9} 66.0) 20.0} 129 123.5 37.5|| 189/180. 9| 54.9) 249 238.3) 72.3 
10 | 09.6) 02.9|| 70) 67.0) 20.3} 130124. 4|37.7]| 190|181. 8| 55.2]| 250/239. 2| 72.6 
11 | 10.5 03.2|| 71) 67.9| 20.6 131/125. 4| 38. 0|| 191/182. 8| 55. 4|| 251/240.2| 72.9 
12 | 11.5/03.5'] 72) 68.9} 20.9]) 132/126. 3/38.3]} 192/183. 7) 55.7] 252/241. 2| 73.2 
13 | 12.4, 03.8] 73, 69.9| 21.2] 133/127. 3, 38.6] 193/184. 7/ 56.0) 253 242. 1| 73.4 
14 | 13.4/04.1|} 74) 70.8) 21.5] 134.128. 2, 38.9} 194185. 7, 56.3] 254 243. 1) 73.7 
15 | 14.4) 04.4] 75) 71.8) 21.8] 135'129.2 39.2] 195 186.6 56.6]| 255'244.0) 74.0 
16 | 15.3/04.6] 76) 72.7|22.1]| 136/130. 1| 39.5] 196187. 6) 56.9|| 256.245. 0| 74.3 
17 | 16.3/04.9] 77) 73.7) 22.4] 137,131. 1) 39.8] 197 188.5 57.2) 257 245.9) 74. 6 
18 | 17.2)05.2]| 78 74.6) 22.6] 138,132. 1| 40.11) 198'189. 5| 57.5) 258 246.9) 74.9 
19 | 18.2) 05.5] 79, 75. 6! 22.9] 139 133.0] 40.4] 199 190. 4 57. 8|| 259247.9) 75.2 
20 | 19.1|/05.8]| 80) 76.6] 23.2] 140,134. 0| 40. 6|| 200 191. 4| 58. 1|| 260 248. 8| 75.5 
21 | 20.1/06.1] 81] 77.5) 23. 5]| 141/134. 9) 40. 9|| 201)192.3 58. 4|| 261/249. 8| 75.8 
22 | 21.1/06.4}) 82) 78.5) 23.8] 142135. 9) 41.2] 202 193. 3) 58.6] 262 250.7) 76.1 
23 | 22.0) 06.7]| 83) 79.4) 24.1]| 143/136. 8) 41.5|| 203 194.3) 58. 9|| 263 251.7) 76.3 
24 | 23.0)07.0]| 84| 80.4) 24.4] 144/137. 8/41. 8] 204195. 2| 59.2] 264 252.6) 76.6 
25 | 23.9) 07.3] 85) 81.3) 24.7] 145/138. 8] 42. 1]} 205 196. 2| 59. 5|| 265,253. 6| 76.9 
26 | 24.9/07.6]) 86) 82.3' 25.0] 146139. 7| 42.4] 206 197. 1) 59. 8] 266 254. 6| 77.2 
27 | 25.8/07.8]| 87| 83.3) 25.3] 147.140. 7| 42. 7|| 207 198.1] 60.1] 267:255. 5) 77.5) 
28 | 26.808 1) 88 84.2) 25.5]| 148 141.6] 43.0] 208 199 0| 60.4] 268 256.5 77.6 
29 | 27.8) 08.4]) 89] 85.2) 25.8] 149 142. G| 43.3] 209200. 0| 60. 7]| 269 257.4 78.1 
30 | 28.7108 7]| 90 86.1) 26.1] 150 143. 5) 43.6! 210201. 0) 61. O|| 270.258. 4) 78.4 
31 | 29.7|09.0)) 91, 87.1\ 26.4] 151/144. 5) 43.84 211 201.9] 61.3]] 271 259.3 78.7 
32 | 30 609.3] 92) 88.0| 26.7 152 145. 5] 44.1] 212 202.9 61.5] 272 260.3 79.0 
33 | 31.6/09.6]) 93) 89.0) 27.0]| 153146. 4| 44 4] 213 203. 8 61.8] 273 261.2) 79.3 
34 | 32.5/09.9] 94) 90.0) 27.3] 154/147. 4) 44.7] 214 204. 8 62.1] 274 262.2) 79.5) 
35 | 33.5) 10.2]] 95) 90.9] 27.6]| 155 148. 3] 45.0] 215 205. 7| 62.4 || 275'263. 2) 79.8 | 
36 | 34.5) 10.5] 96) 91.9) 27.9] 156,149. 3] 45.3 | 216 206. 7] 62.7] 276 264. 4 80.1 
37 | 35.4/ 10.71 97| 92.8 28.2] 157/150. 2) 45. 6 217 207. 7| 63.0 || 277 265.1) 80.4 
38 | 36.4| 11.0] 98] 93.8 28.5]| 158'151.2| 45. 9|| 218/208. 6| 63. 3|| 278 266.0) 80.7 
39 | 37.3) 11.3] 99) 94.7) 28.7] 159 152. 2) 46.2), 219 269. 6 63.6 | 279 267.0) 81.07 
j| 40 | 38.3) 11.6] 100) 95.7, 29.01] 160,153. 1| 46. 4 46.4 220/210. 5| 63.9 || 280 267.9 81.3) 
41 | 39.2/11.9]] 101] 96.7| 29.3] 161/154. 1| 46.7]] 221/211.5] 64.2] 281/268. 9) 81.6 
42 | 40. 2/12.2|| 102] 97. 6| 29.6!) 162/155. 0} 47. 0|| 222/212.4 64.4] 282/269. 9' 81.9 
43 | 41.2) 12.5] 103) 98.6) 29.9) 163/156. 0) 47.3] 223213. 4| 64.7] 283270. 8) 82.2 
44 | 42.1) 12.8] 104) 99. 5) 30. 2|| 164/156. 9) 47. 6 || 224/214. 4] 65.0} 284271. 8) 82.4 
45 | 43. 1/13. 1]] 105/100. 5| 30.5] 165/157. 9| 47. 9]| 225/215. 3) 65.3|| 285272.7, 82.7 
46 | 44.0) 13.4|| 106/101. 4) 30.8] 166 158. 9| 48. 2|| 226/216. 3] 65. 6 || 286/273. 7, 83.0 
47 | 45.0) 13.6)| 107|102. 4) 31. 1]| 167159. 8| 48. 5|| 227.217. 2! 65.9}. 287|/274.6 83.3) 
48 | 45.9) 13.9)| 108/103. 4) 31.4] 168/160. 8] 48. 8 | 228/218. 2| 66.2 |! 288275.6 83.6 
49 | 46.9) 14.2]| 109,104. 3) 31. 6]) 169161. 7| 49.1 Se sa: 289/276. 6) 83.9 
50 | 47.9) 14. 5]| 110[105. 3) 31.9] 170\162. 7| 49.4 | 239/220. 1) 66. 8 290/277. 5 84.2 
51 | 48.8) 14. 8|| 111/106. 2| 32.2]| 171/163. 6] 49. 6|| 231\221. . 1} 291\278. 5) 84.5 
52 | 49.8) 15.1] 112/107. 2) 32.5]] 172/164. 6] 49. 9|| 232/222. .3|| 292/279. 4| 84.8 
53 | 50.7| 15.4] 113/108. 1, 32.8] 173.165. 6| 50.2) 233223. ‘6| 293/280.4) 85.0 
54 | 51.7) 15.7] 114/109. 1] 33.1] 174,166. 5| 50. 5] 234 223. 9] 67.9), 294/281.3 25.3) 
55 | 52.6] 16.0] 115'110. 1) 33.4] 175 167. 5| 50. 8) 235/224. 9] 68. 2|| 295|282.3) 85.6 
56 | 53.6 16.3] 116,111. 0| 33.7] 176168. 4] 51.1]| 236/225. 296/283. 3) 85.9 
57 | 54.6) 16.6} 117,112.0 34.0] 177,169. 4) 51.4 hay 297/284.2) 86.2 
58 | 55.5) 16.8] 118112.9 34.3] 178170. 3) 51.7 298285. 2) 86.5 
59 | 56.5] 17.1]} 119.113. 9) 34.5} 179.171. 3] 52.0 299/286. 11°86. 8 
60 | 57.4) 17.4] 120 114.8) 34.8] 180,172. 3) 52.3 300|287.1| 87.1 
Dist.| Dep. | Lat. |Dist.! Dep. | . | Lat. |Dist.| Dep. | Lat. |\Dist.| Dep.| Lat. 


For 63 Points. | 


TABLE I. 7 
Difference of Latitude and Departure for 12 Point. 

Dep |Dist.| Lat. | Dep. ; 

1 .9| 40.8] 181]170. 4] 61. .9! 81.2 
2 .9| 41. 1]| 182/171. 4| 61. 3} 242/227.9| 81.5 
3 .2)) 123 .8| 41. 4]| 183/172. 3] 61.7] 243/228. 8) 81.9 
4 21.6] 124/116. 8] 41. 8) 184]173. 2| 62.0] 244/229. 7| 82.2 
5 21.9|| 125/117. 7| 42.11 185]174. 2] 62.3] 245/230. 7| 82.5 
6 é .1| 22.2! 126)118. 6} 42.5] 186]175. 1] 62. 7]| 246/231.6} 82.9 
7 | 06.6 .1| 22.6] 127/119. 6] 42.8 || 187/176. 1] 63. 0}, 247/232. 6} 83.2 
8 | 07.5 . 0} 22.9] 128/120. 5} 43. 1] 188]177. 0] 63. 3 || 248/233. 5] 83.6 
9 | 08.5) 03. .0| 23.3] 129)121. 5| 43.5} 189]177. 9| 63.7) 249/234. 4) 83.9 
10 | 09. 4| 03. .9| 23.6] 130/122. 4| 43. 8]| 190|178. 9| 64.0 |] 250/235. 4| 84,2 
‘Til | 10.4] 03.7) 71] 66.9] 23.9] 131/123.3] 44.1] 191/179. 8] 64. 4|] 2511236. 3] 84.6 
12 | 11.3/04.0} 72] 67.8] 24.3] 132/124. 3] 44.5] 192/180. 8] 64.7) 252/237.3) 84.9 
13 | 12.2/04.4] 73] 68.7| 24.6} 133/125. 2] 44.84 193/181. 7| 65.0] 253/238. 2] 85.2 
14 | 13.2/04.7] 74] 69.7] 24.9] 134)126. 2] 45.11] 194|182.7] 65. 4|| 254/239. 1] 85.6 
15 | 14.1105.1] 75] 70.6| 25.3] 135/127. 1] 45.5] 195|183. 6] 65. 7 || 255|240. 1) 85.9 
16 | 15.1)05.4} 76] 71.6| 25.6} 136,128. 1] 45. 8]| 196/184. 5] 66.0}) 256\241.0) 86.2 
17 | 16.0105.7) 77| 72.5| 25.9! 137)129. 0| 46.2] 197|185. 5| 66. 4|| 257/242. 0] 86.6 
18 | 17.0106.1] 78) 73. 4| 26.3] 138/129. 9] 46.5] 198/186. 4] 66. 7]|| 258/242. 9| 86.9 
19 | 17.9} 06.44 79] 74.4] 26.6] 139/130. 9| 46. 8]| 199|187. 4| 67. 0|| 259|243. 9) 87.3 
20 | 18.8/06.7)_ 80) 75.3) 27.04 140:131. 8) 47.2) 200/188. 3] 67. 4||_ 260 244. 8| 87.6 
Bi | 19.8/07.14° 81] 76.3] 27.31 141/132.8] 47.5] 201/189. 31 67.7|| 2611245. 7] 87.9 
22 | 20.7|07.4| 82) 77.2) 27.6] 142 133. 7| 47.8]| 202/190. 2] 68. 1|| 262/246. 7) 88.3) 
23 | 21.7/07.8] 83] 78.2) 28.0] 143/134. 6] 48. 2]| 203]191. 1] 68. 4|| 263/247. 6] 88.6, 
24 | 22.6/08.1] 84] 79.1] 28.3] 144:135. 6] 48.5|| 204/192. 1] 68. 7|| 264/248. 6} 88.9) 
25 | 23.5/08.4] 85] 80.0] 28.6] 145/136. 5| 48.9]! 205/193. 0| 69. 1]) 265/249. 5| 89.3 
26 | 24.5) 08.8] 86) 81. 0| 29.0} 146/137. 5| 49. 2|| 206)194. 0/ 69. 4 || 266/250. 5| 89.6 
27 | 25.4/09.1} 87} 81.9} 29.3] 147,138. 4| 49. 5]] 207/194. 9| 69.7} 267/251. 4) 90.0 
28 | 26.4/ 09.4] 88 malar 148 139. 4| 49.9] 208/195. 8] 70. 1] 268 252. 3) 90.3 
29 | 27.3109.8] 89] 83.8] 30.0] 149 140.3] 50.2! 209]196. 8] 70. 4} 269,253. 3} 90.6 
| 30 | 28.3] 10.1] 30 | 28.3/10.1] 90) 84.7| 30.3] 150 141.2] 50.5) 210|197. 7| 70. 8|l 270\254. 2) 91.0 
[31 | 29.2/10.4) 91] 85.7) 80.7) 151/142. 2] 50.9] 211/198. 7] 71. 1|| 271/255. 21 91.3 
32 | 30.1) 10.8} 92) 86.6] 31.0} 152/143. 1] 51.2} 212)199. 6| 71. 4]| 272/256. 1] 91.6 
33 | 31.1) 11.1] 93) 87.6) 31.8] 153,.144.1| 51.5] 213/200. 6] 71. 8|| 273/257. 0| 92.0 
34 | 32.0) 11.5} 94} 88.5) 31.7) 154!145. 0] 51.9|| 214/201. 5] 72. 1]| 274/258. 0] 92.3 
35 | 33.0) 11.8] 95] 89.5) 32.0] 155/145. 9| 52. 2]| 215}202. 4| 72. 4|| 275/258. 9| 92.6 
36 | 33.91 12.1] 96} 90.4] 32.3] 156 146. 9| 52. 6}| 216/203. 4| 72. 8|| 276/259. 9] 93.0 
37) 34.8) 12.5] 97] 91.3] 32.7) 157/147. 8 i 217/204. 3] 73. 1|| 277/260. 8) 93.3 
38 | 35.8) 12.8] 98) 92.3] 33.0] 158 148. 8) 53.2! 218/205. 3] 73.4}, 278/261. 8] 93.7 
39 | 36.7) 13.1] 99] 93.2] 33.4] 159/149. 7| 53. 6] 219)206. 2| 73. 8|| 2791262. 7| 94. 0 
40 | 37.7| 13.5 100] 94.2 33.7|| 160/150. 7 S| 9991207. 73.8] 280/263. 6| 94.3 
41 | 38.6] 13.8} 101] 95.1| 34.0] 161/151. 6) 54.2) 221/208. 1 74.5|| 281/264. 6] 94.7 
42 | 39.5| 14.2] 102| 96.0) 34.4] 162 152. 5| 54. 6|| 222/209. 0| 74. 8|| 282/265. 5] 95.0 
43 | 40.5] 14.5] 103} 97.0) 34.7] 163 153. 5) 54.9]| 223/210. 0] 75.1} 283/266. 5| 95.3 
44 | 41.4) 14.8] 104) 97.9) 35.0] 164/154. 4| 55. 3] 224/210. 9] 75.5] 284/267. 4] 95.7 
1 45 | 42.41 15.2} 105} 98.9) 35.4 165) 155. 4) 55.6) 225)211. 9] 75. 8|| 285/268. 3} 96.0 
| 46 | 43.3] 15.5] 106} 99.8] 35.7 166 156. 3| 55: 9|| 226/212. 8] 76. 1]| 286/269. 3) 96.4 
47 | 44.3] 15.8] 107/100. 7) 36.1 167)1 57. 2| 56.3}! 227/213. 7| 76. 5|| 287|270. 2| 96.7 
48 | 45.2] 16.2] 108/101. 7| 36. 4 168 158. 2| 56.6] 228/214. 7| 76. 8|| 288/271. 2) 97.0 
49 | 46.1) 16.5 ft 6| 36.7 169159. 1| 56.9] 229/215. 6| 77. 2|| 289)/272. 1] 97.4 
| 50 | 47.1] 16.8] 110/103. 6) 37. 1], 170:160. 1| 57. 3|| 230)216. 6] 77. 5|| 290/273. 0| 97.7 
| 51 | 48.0/17.2] 111/104. 5] 37.4 171/161. o| 57.6] 231!217.5 77.8\|| 291/274. 0] 98.0 
52 | 49.0) 17.5] 112)105. 5| 37.7] 172; 161. 9| 58.0]] 232 218. 4| 78. 2|| 292/274. 9] 98.4 
53 | 49.9|17.9] 113/106. 4| 38.1] 173/162. 9| 58.3|| 233/219. 4 78. 5|| 293/275.9| 98.7 
54 | 50.8] 18.2] 114/107. 3] 38.4] 174/163. 8! 58. 6]| 234/220. 3} 78. 8|| 294/276. 8} 99.0 
55 | 51. 8) 18.5] 115)108. 3) 38.7} 175/164. 8| 59.0} 235/221. 3] 79.2|| 295|277. 8] 99.4 
56 | 52.7| 18.9} 116/109. 2] 39.1} 176,165. 7| 59.3} 236/222. 2| 79.5]) 296/278. 7| 99.7 
57 | 53.7) 19.2] 117|110. 2] 39.4] 177/166. 7/| 59. 6|| 237/223. 1| 79. 8|| 297/279. 6|100. 1 
58 | 54.6) 19.5] 118/111. 1} 39. 8} 178)167. 6| 60. 0) 238/224. 1] 80. 2]| 298/280. 6)100. 4 
59 | 55. 6) 19.9} 119|112.0| 40.1] 179/168. 5| 60.31) 239/225. 0] 80.5 || 299/281. 5/100. 7 
60 | 56.5] 20.2 | 120}113.0| 40.4] 180/169. 5| 60. 6] 240/226. 0] 80.9 || 300/282. 5/101. 1 


Dist.| Dep. 


Lat. |Dist.} Dep. | Lat. Dist. Pepe 


Lat. ||Dist.| Dep. | Lat. {Dist.| Dep. | Lat. 
For 64 Points. 


TABLE I. 
Difference of Latitude and Departure for 2 Points. 


00. 9] 00. .4| 23. 3], 121/111. 8] 46.3] 181/167. 2| 69.3 | 241/222. 7| 92.2 
69. 7| 242/223. 6} 92 6 
.0| 243/224. 5| 93. 0) 
.4| 244/225, 4] 93.4 
8] 245/226. 4| 93.8 
.2| 246/227.3] 94.1 
.6| 247/228. 2) 94.5 
.9]| 248/229. 1] 94.9 
"3| 249/230.1/ 95.3 
. 7 || 250/231. 0} 95.6 


-1} 251/231. 9] 96. 1 


01.9) 00. ave 122}112. 7| 46. 182) 168. 
02.8) Ol. 4 . 1] 123/113. 6) 47. 183)169. 
124/114. 6) 47. 184|170. 
125}115. 5) 47. 8] 185/170. 
126/116. 4) 48. 186/171. 
127|117. 3) 48.6} 187|172. 
128)118. 3) 49.0} 188/173. 
189)174. 
190)175. 


191|176. 
192/177 
193/178. 
194/179. 
195/180. 
196/181. 
197,182. 
198 182. 
199/183. 
200 184. 


201/185. 
202)186. 
203'187. 
204'188. 
205,189. 
206 190. 
207/191. 
208 192. 
209/193. 
| 210/194. 
194, 
195. 
3/196. 


129/119. 2 
130/120. 


131/121. 
132/122. 
133} 122. 
134}123. 
135/124. 
136/125. 
137}126. 
138}127. 
139/128. 
140/129. 


141/130. 
142 131, 


a> 
| 


ce Dep. |Dist.| Lat. |Dep. ||Dist.| Lat. | Dep. |\Dist.| Lat. | Dep. 'Dist.| Lat. | Dep. 


| 


3.5 | 252/232. 8] 96. 4) 
.9|| 253/233 7] 96.8 
.2|| 254/234. 7} 97. 2) 
6] 255/235. 6] 97. 
.0]| 256/236. 5} 98.0 
.4|| 257/237. 4] 98.4 
. 8 | 258/238. 4 a 
1 


N= SSS 


Cr Or Or Or Or On 
SCAHWONKWIKCS/ANDRONUWOOe| OR 


Ske KNWARR OH 


.2|| 259/239. 3} 99. 
. 5 || 260/240. 2| 99 


|| 261|241. 1] 99. “99.9 
262/242. 1/100. % 
263/243. 0/100, ; 


i] 


264/243. 9/101.0 
265/244. 8101.4 
| 266/245. 8/101. 8 
267/246. 7|102. 2 
268)247. 6,102. 6 
269/248. 5|102.9 
270|249. 5)103. 3 


8) 271/250. 4|103. 7| 
. 1] 272/251, 3/104. 1) 

273/252. 2/104. 5 

274/253. 1/104. 9) 
| | 275/254. 1/105. 2) 
216/199. 27) 276/255, 0|105. 6 
217,260. 5| 83. 0] 277/255. 9] 106. 0; 
218/201. ‘ 4 278/256. 8|106.4 
219 202. 3) 83. 8} 279/257. 8|106. 8 
220 203. § rst 280|258,°7|107. 2) 


221/204. 2] 84.6) 281/259. 107.5! 
2991.05. 1| 85.0] 282 260.5 107. 9) 
223/206. 0) 85. 3} 285/261. 5/108. 3 
224/207. 0; 85.7 | 284/262. 4/108. 7 
225 207. 3.1] 285/263 3/109. 1/4. 
226 208. 8) 86. 5 | 286/264. 2/109. 5 
227 209. }. 9] 287/265. 2|109. 8 
228 210. 6) 87.3] 288/266. 1/110. 2 
229/211. 6 6} 289/267. 0/110. 6 
230 212. 2h 290}267.9|111. 0) 


231|213. 4 | 991/268. 9|111.4 
232/214.3 292|269. 8|111. 7, 
233/215. 3. 89. 2 293]270. 7/112.1) 
234/216. 2| 89. 6| 294/271. 6112.5 
235/217. 1 89.9 || 295/272. 5}112. 9, 
236 218.0) 90.3) 296/273. 5|113. 3) 
237/219. .7| 297/274, 4/113. 7) 
238/219. 9] 91.1] 298/275 3|114.0 
119/109, 179|165, 4| 68.5 | 239/220. 8| 91.5! 299/276. 2|114. 4 
120/110.9 180 166. 3) 68.9 | 240 221.7) 91. i 300|277. 2)114. 8 


Dep. | Lat. |Dist.| Dep. “Lat. Dist.} Dep. | Lat. IDist. Dep. | Lat. Dist. Dep. | Lat. 
For 6 Points. 
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150/138. d 


151/139. 
152/140. 
158/141. 
154/142, 
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157/145. 
158/146. 
159/146. 
160/147. 


161/148. 
162/149. 
163| 150. 
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165/152. 
166)153. 
167|154. 
168/155. 
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170/157. 


171/158. 
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176) 162. 
177/163. 
178/164. 
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105] 97. 
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107) 98. 
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113)}104. 
114/105. 
115/106. 
116)107. 
117|108. 
118/109. 
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Dist. 


eo ee eet meret need 
TABLE I. 9 


Difference of Latitude and Departure for 21 Points. 


s . | Dep. Dist.| Lat. | Dep. |Dist.| Lat. | Dep. 

1 121/109. 4 51.7} 181 163.6) 77.4) 241/217. 9/103 0, 

-5] 122/110. 3) 52.2]! 182 164. 5] 77. 8] 242/218. 8/103. 5 

- 9} 123/111. 2) 52.6] 183,165. 4) 78.3) 243/219. 7/103. 9 

.41 124/112. 1] 53. 0]| 184.166. 3] 78.7] 244/220. 6/104. 3 

8] 125/113. 0] 53. 5] 185/167. 2| 79. 1] 245/221. 5/104. 8 

. 2] 126/113. 9] 53.9] 186/168. 1] 79. 5] 246/222, 4/105. 2 

.7|| 127| 114. 8) 54.3) 187/169. 0) 89. 0} 247/223. 3/105. 6 

» 1} 128/115. 7| 54.7] 188,169. 9] 80. 4} 248/224. 2/106. 1 

. 5} 129/116. 6] 55.2], 189/170. 9] 80. 8] 249/225. 1|106, 5 

; - 9], 130,117. 5) 55.6] 190,171. 8| 81.3) 250/226. 0}106. 9 

. 2) 30.4] 131/118. 4] 56.0] 191|172.7 ea 251 '226. 9|107.3 

. -8]| 132 119.3) 56.5] 192:173. 6) 82.1) 252/227. 8)107. 8 

;.0] 31.2] 133 120. 2] 56. 9|| 193/174. 5 82.5 253!228. 7/108. 2 

6], 134/121. 1) 57.3] 194'175.4| 83.0] 254/229. 6/108. 6 

: » 1] 135/122. 0} 57.7) 195|176.3| 83. 4) 255.230. 5|109.0 

-5] 136/122. 9] 58.2] 196,177. 2| 83. 8] 256.231. 4/109. 5 

9. 6; 32.9] 137) 123. 8) 58.6) 197|178.1| 84.2! 257 232. 3/109. 9 

. -4) 138 124.7) 59.0} 198/179. 6) 84. 7} 258 233. 2)110.3 

. -8] 139/125. 7} 59. 4]| 199 179. 9} 85. 1), 259/234. 1/110. 8 

3] 34. 2] 140|126. 6] 59.9] 200/180. 8| 85. 5] 260,235. 0/111. 2 
21 | 19.6/09.0] 81] 73.2] 34.6] 141/127. 5] 60.3] 201)181.7| 85.9) 261/255. 9/111. 65 
22 | 19.9/09.4| 82) 74, 1/35. 1] 142 128. 4] 60.7] 202/182. 6] 86. 4] 262 236. 8/112. 0 
23 | 20. 8/09.8] 83} 75.0] 35.5] 143 129.3) 61.2] 203/183. 5| 86. 8) 263/237. 7/112. 5 
24 | 21.7/10.3] 84) 75.9| 35.9] 144130. 2] 61.6] 204/184. 4] 87. 2] 264 238. 7/112. 9 
25 | 22.6/10.7] 85) 76.8] 36.3] 145 131.1] 62.0] 205/185. 3} 87. 7] 265 239. 6)113.3 
26 | 23.5/11.1] 86! 77.7| 36.8] 146/132. 0] 62.4] 206/186. 2| 88. i 266 240. 5|113.7 
27 | 24.4/11.5]) 87) 78.7] 37.2] 147 132.9] 62.9) 207|187.1] 88.5} 267.241. 4114. 2 
28 | 25.3/12.0] 88] 79.6|37.6] 148 133. 8| 63.3] 208/188. 0] 88.9] 268 242. 3]114. 6 
29 | 26.2/12.4] 89) 80.5) 38.1] 149,134. 7) 63.7] 209,188. 9] 89.4] 269 243, 2/115. 0 
| 30 | 27.1] 12.8] 90] 81.4] 38.5] 150.135. 6| 64.1] 210/189. 8| 89. 8| 270'244. 1|115. 5) 
31 | 28.0/13.3] 91| 82.3/ 48.9] 151 136. 5] 64.6] 211/190. 7| 90. 2) 271/245. 0/115. 9 
| 82 | 28.9/13.7) 92) 83.2) 39.3} 152 137. 4) 65.0} 212,191. 6) 90. 7) 272 245. 9/116.3 
33 | 29.8) 14.1} 93) 84.1) 39.8] 153 138.3) 65.4] 213,192.6) 91. 1] 273,246. 8/116. 7 
34 | 30.7) 14.5) 94) 85.0) 40.2] 154,139, 2] 65.9] 214/193. 5) 91.5) 274.247. 7|117. 2 
35 | 31.6)15.0} 95] 85.9} 49.6] 155 140. 1] 66.3] 215|194. 4] 91.9} 275 248. 6/117. 6 
36 | 32.5) 15.4] 96) 86.8 41.1] 156 141.0] 66.7] 216/195. 3] 92.4) 276 249. 5/118. 0, 
37 '| 33.4) 15.8] 97) 87.7/ 41.5] 157, 141.9) 67.1] 217|196. 2] 92.8 277250, 4/118. 5: 
38 | 34.4/16.3] 98] 88.6/ 41.9] 158 142. 8) 67.6] 218/197. 1| 93.2) 278 251.3/118.9 
39 | 35.3) 16.7] 99) 89.5) 42.3] 159 143.7 a 219}198. 0} 93.7] 279,252, 2/119. 3) 
40 | 36.2|/17.1] 100] 90.4] 42.8] 160,144. 6] 68. 4]| 220/198. 9| 94. 1} 280 253. 1j119. 7|_ 
41 | 37.1|17.5] 101| 91.3 48.2) 161 145. 5| 68.8) 221/199. 8| 94. 5) 251 2d4, 0/120. 2, 
42 | 38.0|18.0] 102| 92.2] 43.61 162 146. 4, 69.3] 222/200. 7| 94.9) 282 254. 9/120. 6 
43 | 38.9] 18.4] 103} 93.1 44.1 163 147.3] 69.7] 223/201.6 80. 283 255, 8|121.0. 
44 | 39.8| 18.8] 104) 94.0] 44 5} 164 148.3] 70. 1]| 224/202. 5} 95.8) 284 256, 7/121. 5) 
45 | 40.7} 19.2] 105) 94.9) 44.9] 165 149. 2/70. 6] 225/203. 4| 96. 2] 285 257. 6121.9, 
46 | 41.6} 19.7] 106) 95.8] 45.3] 166 150.1] 71.0] 226/204. 3} 96. 6] 286 258, 5)/122. 3. 
47 | 42,5] 20.1] 107] 96.7] 45.8]) 167|151. 0) 71.4] 227/205. 2} 97.1 287,259. 4122.7 
48 | 43.4] 20.5] 108) 97.6) 46.2] 168 151.9] 71.8] 228/206. 1] 97. 5] 288 260. 3/123. 2 
49 | 44.3) 21.0] 109] 98.5) 46.6] 169152. 8| 72.3]| 229/207. 0| 97.9) 289 261.3123. 6 
50 | 45,2) 21.4] 110) 99. 4| 47.0} 170,153. 7| 72.7]| 230/207. 9 98. 4 290 262, 2/124. 0 
51 | 46. 121.8] 111/100. 3] 47. 5] 171)154. 6) 73.1] 231/208. 8] 98. 8) 291/263. 1/124. 4)j 
52 | 47.0] 22.2] 112/101. 2) 47.9] 172 155. 5| 73.6] 232/209. 7| 99. 2) 292,264, 0/124. 9, 
53 | 47.9) 22.7] 113/102. 2) 48.3] 173 156. 4/ 74.0} 233)210. 6] 99. 6) 293/264, 9/125.3 
54 | 48.8) 23.1] 114/103. 1) 48.7] 174/157. 3) 74.4} 234/211, 5/100, 1] 294/265. 8)125. 7, 
55 | 49.7/ 23.5] 115|104. 0) 49.2] 175158. 2) 74.8] 235/212. 4 100.5 295/266. 7/126. 2, 
56 | 50.6] 23.9] 116/104.9| 49.6 176 159.1 75.3! 236/213. 3/100. | 296/267. 6/126. 6 
57 | 51.5] 24.4] 117/105. 8) 50.0] 177 160. 0| 75. 7|| 237/214. 2/101. 4] 297/268. 5/127. 0) 
58 | 52.4) 24.8] 118 106. 7/ 50.5] 178 160. 9| 76.1] 238/215. 1 01.8 298/269. 4 127. 4| 
59 | 53.3 25.2] 119/107. 6] 50.9] 179 161.8 76.5) 239/216. 1/102. 2) 299 270.3 127.9 
60 | 54.2! 25.7] 120/108.5 31.3} 180 162. 7| 77.0} 240)217.0 102. 6) 300.271.2 128.3, 
Lat. Dist. Dep. | Lat. (Dist. Dep. | Lat. [Dist.| Dep. | Lat. 


For 53 Points. 


10 


TABLE I. 


Difference of Latitude and Departure for 2} Points. 


Dist.| Dep. | Lat. |Dist.| Dep. 


a i I neta ATE ctl hase 


Dist.| Lat. | Dep. | Dist. 
1 | 00.9,00.5] 61] 53.8 
2 | 61.8'00.9] 62] 54.7 
3 | 02.6'01.4)) 63] 55.6 
4 | 03.5/ 01.9] 64) 56.4 
5 | 04. 4/ 02.4] 65) 57.3 
6 | 05.3] 02.8] 66] 58.2 
7 | 06.2)03.31 67] 59.1 
8 | 07.1) 03.81 68) 60.0 
9 | 07.9\ 04.2) 69] 60.9 
8104.74 70] 61.7 
.7| 05.2 .6 
.61 05.7 .5 
.5| 06.1] 73] 64.4 
.3/08.64 74] 65.3 
3.2107.1] 75) 66.1 
-1/07.5] 76) 67.0 
.0| 08.0] 77| 67.9 
.91 08.5] 78] 68.8 
3.8/1 09.01 79] 69.7 
.6109.4} 80] 70.6 
.5| 09.9] a 71.4 
.4110.41 82] 72.3 
.3110.8] 83] 73.2 
.2/11.3}) 84) 74.1 
2.1/11.84 85] 75.0 
.9/12.3}) 86) 75.9 
3.8 12.7|| 87] 76.7 
.7| 13.2] 88) 77.6 
.6|13.7]| 89] 78.5 
.5|/14.1]] 90] 79.4 
.3114.6]} 91] 80.3 
.2)15.1}]] 92] 81.1 
.1/15.6]] 93} 82.0 
.01 16.0] 94] 82.9 
.9116.5]] 95|] 83.8 
.8117.0] 96] 84.7 
.6117.4] 97] 85.6 
.5}17.9]| 98) 86.4 
.4118.4]] 99] 87.3 
.3118.9]] 100] 88.2 
.2) 19.3] 101 : 
.0| 19. 8] 102] 90.0 
.9| 20. 3]| 103} 90.8 
. 8| 20. 74 104] 91.7 
.7| 21.2, 105| 92.6 
. 6| 21. 7]| 106} 93.5 
. 5} 22.211 107| 94.4 
3] 22.6] 108] 95.3 
.2| 23.1|| 109] 96.1 
0 | 44. 1] 23. 6] 110] 97.0] 51.8] 170/149. 9] 80. 1|| 230/202. 8|108, 4] 290/255. 8) 136 
.0| 24.0]] 111] 97.9 
.9| 24.5] 112] 98.8 
.7| 25.0} 113] 99.7 
. 6} 25.5} 114/100. 5 
,5| 25.94 115/101. 4 
.4/ 26.4] 116|102.3 
.3] 26.9] 117/103. 2 
. 2/27. 3] 118/104.1 
.0| 27.8] 119|105.0 
. 9] 28.3] 120}105. 8 


, Lat. | Dep. 
28. 8 | 106. 7/ 57.0! 181/159. 6) 85.3 
29.2 107.6, 57. 5|} 182}160. 5) 85.8 
29.7 108. 5] 58.0]| 183/161. 4) 86.3 
30.2 109. 4) 58. 4]| 184/162. 3] 86.7 
30.6 110. 2} 58.9] 185/163, 2] 87.2 
31.1 111.1] 59.4 || 186/164. 0] 87.7 
31.6 112.0} 59.9]| 187/164. 9| 88.1 
32.1 jti2. 9 60.3] 188/165. 8| 88.6 
32.5 113. 8] 60. 8 189)166. 7} 89.1 
33.0 114. 7| 61.3]} 190|167. 6} 89.6 
33.5], 131/115. 5] 61.7 168. 5} 90.0 
33.9] 132/116. 4] 62.2 3] 90.5 
34.49 133/117. 3) 62.7 .2| 91.0 
34.9} 134/118. 2] 63.2 .1] 91.4 
35.4] 135/119. 1] 63.6 .0| 91.9 
35. 8 136/119. 9] 64.1 .9| 92. 
36. 3] 137/120. 8] 64.6 .7| 92.9 
36.84 138/121. 7| 65.0 .6| 93. 
37,21 139)122. 6] 65.5 .5| 93.8 
37. 7|| 140/123. 5| 66.0 4 3 
38.2] 141|124. 4] 66.5] 201/177. 3] 94. 
38.6]| 142/125. 2] 66.9] 202/178. 2| 95. 2 
39.1} 143)126. 1] 67. 4]| 203/179. 0] 95. 
39.6] 144|127. 0) 67. 9|| 204/179. 9} 96. 
40.1] 145)127. 9} 68.3} 205/180. 8} 96. 
40.5} 146/128. 8] 68.8] 206/181. 7} 97.1 
41.0} 147/129. 6) 69.3}, 207|182. 6} 97.6 
41.5] 148|130. 5} 69. 8 || 208/183. 4 30.3 
41.9]| 149|131. 4) 70.2] 209/184. 3 
42.4]) 150/132. 3] 70. 7|| 210/185. 2 0. 
42.9] 151/133. 2| 71.2]] 211/186.1 
43,4] 152/134. 1] 71. 6|| 212/187. 0 
43. 8] 153)134. 9) 72. 1|| 213/187. 8 ab, 4 
44,3], 154/135. 8] 72.6} 214/188. 7/100. 
44, 8}| 155/136. 7| 73.11] 215)189. 6/101. : 
45, 24 156/137. 6) 73. 5]} 216/190. 5)101. 
45.7] 157|138. 5| 74. 0]] 217/191. 4/102. 
46. 2|| 158/139. 3} 74. 5|| 218/192. 3/102. 
46.7}, 159/140. 2} 74. 9]| 219/193, 1/103. 2 
47.1] 160|141. 1] 75. 4] 220/194. 0/103. 

} . 0] 75.9] 221/194. 9|104. 
48.1 . 9] 76. 4]) 222/195. 8/104. 
48.5 . 8| 76. 8}| 223/196. 7}105. 1 
49.0 -6| 77. 3|| 224/197. 6)105. 
49.5 . 5| 77. 8) 225)198, 4/106. 1 
50.0 .4| 78. 2]| 226/199. 3/106. 
50.4 . 3| 78. 7 || 227/200. 2|107. 
50.9 . 2] 79.2|) 228/201. 1107.5 
51.4 9.0} 79. 7|) 229|202: 0}107. § 
51.8 . 9] 80. 1] 230/202. 8/108. 4 
52.3 . 8| 80. 6 || 231/203. 7/108, 
52. 8] 172/151. 7} 81. 1]) 232/204. 6/109. 4 
53.3 2. 6| 81. 5|| 233/205. 5|109., 
53.7 . 5| 82. 0} 234/206, 4|110. 3} 
54.2) 175/154. 3] 82. 51 235/207. 3/110. 8 
54.7} 176/155. 2| 83. 0|) 236 208. 1/111. 2 
55.11 177|156. 1| 83. 4) 237/209. 0|111. 7 
55.64 178|157. 0| 83.9 || 238/209. 9112. 2 
56.1) 179/157. 9| 84. 4] 239/210. 8/112. 7 
56. 6 180/158. 8] 84. 8] 240/211. 7/113. 1 


Lat. |Dist. eb: 


Lat. Dist. Dep. Dep. . 


B 
Dist. 


| 244 


Lat. [Dist.| Dep. 


Lat. 


241 
242/2 
243): 
215. 
245 
246 
247 
248 
249 
250 


251 
252 
253 
254 


265/233. 7|124 


266/234. 6|125. 
267|235. 5|125. 
268/236, 4/126. 
269/237. 2/126. 


270|238. 1 85.2| 99.0) 270/238. 1|127 2 


86.1] 99.5) 271/239. 0/127. 7 239. 0127. 
272/239, 9)128.2 


273/240. 8|128. 
274/241. 7/129. 
275/242. 5/129. 
276/243, 4/130. 
277|244. 3/130. 
278/245. 2\131. 
| 279 246 1/131. 
280/246, 9/132. 


281/247. 8/132. 
282/248. 7|132. 
283/249. 6|133. 
284/250. 5/133. 
285/251. 4/134. 
286/252, 2/134. 
287/253. 1/135. 
288/254. 0/135. 
289|254. 9|136. 
290/255. 8/136. 


1 | 45. 0] 24.0] 111 97.9] 52.3] 171|150. 8 80. 6] 231|203. 7/108, 9] 291|256. 6]137. 
292/257. 5|137. 
293/258. 4138. 
294/259. 3/138. 
295|260, 2/139. 
296/261. 1|139. 
297/261, 9|140. 
298/262. 8/140. 
140. 
141. 


Lat. 


299|263. 7, 
300/264. 6 


216. 1/115. 
217. 0/116. 
217. 8116. 
218. 7/116. 
219. 6/117. 
220. 5|117. 
221, 4|118. 
222. 2/118. 
223. 1/119. 
224, 0/119. 
255/224. 9/120. 
256/225. 8/120. 
257/226. 7|121. 
258/227. 5/121. 
259/228. 4/122. 
260/229, 3|122. 


261/230, 2}123. 
262/231. 1/123. 
263/231. 9/124. 
264/232, 8)124. 


i 


: STR OWOW ORO Onooronwup 


Kor 54 Points. 


TABLE I. ll 
Difference of Latitude and Departure for 2? Point. 


ist: Lat. | Dep. |Dist.| Lat. | Dep. |Dist.| Lat. | Dep. |Dist.| Lat. | Dep. 
1 | 00.9 61] 52.3| 31.4] 121 103.8 62.2 | 181/155. 3} 93.0) 241/206. 7/123. 9 
2 | 01.7 62| 53.2| 31.9) 122/104.6 62.7} 182/156. 1) 93. 6) 242/207. 6/124. 4 
3 | 02.6 63| 54.0) 32.4) 123,105. 5, 63.2 183/157. 0| 94. 1) 243/208. 4/124. 9 
4 | 03.4 | 64] 54.9] 32.9] 124/106. 4| 63.7] 184/157. 8| 94.6) 244/209. 3)125. 4 
5 | 04.3 65| 55. 8| 33.4} 125|107.2 64.3] 185)158. 7) 95. 1] 2451210. 1/125.9 
6 | 05.1 66| 56. 6| 33.9] 126 108.1 64.8 186|159. 5| 95.6} 246/211.0,126.5 
7 | 06.0 67| 57.5| 34.4] 127|108.9 65.3] 187/160. 4| 96.1 247/211. 9/127. 0 
8 | 06.9 68| 58.3) 35.9} 128109.8 65.8] 188/161. 2) 96.6) 248/212. 7,127.5 
9 | 07.7 69| 59. 2| 35.5! 129,110. 6 66.3] 189/162. 1) 97. 2} 249/213. 6 128.0 
10 | 68. 6) 05. 70| 60.0) 36.0} 130/111. 5 66.8] 190/163. 0} 97.7) 250)214. 

11 | 09.4/05.7] 71] 60.9) 36.5] 131,112.4 67.3] 191|163. 8| 98. 2) 251/215. 3.129. 0 
12 | 10.3/06.2] 72) 61.8) 37.0} 132/113.2 67.9] 192)164.7| 98. 7) 252/216. 1)129. 5 
13 | 11.2|06.7] 73] 62.6) 37.5] 133|114.1) 68.4} 193/165. 5) 99.2) 253/217.0,130. 1 
14 | 12.0/07.2) 74] 63.5) 38.0] 134/114. 9, 68.9] 194|166. 4) 99.7] 254 217. 91130. 6 
15 | 12.9/07.7] 75| 64.3| 38.6! 135/115.8 69.4] 195/167. 3/100. 2} 255/218. 7,131. 1 
16 | 13.7/08.2]| 76) 65.2) 39.1] 136/116. 6 69.9) 196|168. 1/100. 8] 256/219. 6 131.6 
17 | 14.6/08.7} 77) 66.0) 39.6] 137/117. 5) 70.4] 197/169. 0/101. 3) 257/220. 4 132.1 
18 | 15.4/09.3) 78] 66.9) 40.1] 138/118. 4) 70.9] 198/169. 8/101. 8] 258/221.3 132. 6 
19 | 16.3/09.8] 79| 67.8) 40.6] 139|119.2) 71.5] 199)170. 7/102. 3) 259/222. 2 133. 1 
20 | 17.2 ie 80| 68. 6| 41.1] 140/120. 1| 72.0] 200|171. 5/102. 8] 260/223. 0 133.7 
21 | 18.0) 10.8] 81| 69.5) 41.6] 141/120. 9] 72.5] 201/172. 41103. 3] 261/223. 9 134. 2) f 
22 | 18.9/11.3] 82| 70.3] 42.1} 142/121. 8| 73.0] 202/173. 3/103. 8] 262)224. 7)134.7 
23 | 19.7} 11.8} 83) 71.2) 42.7} 143/122. 7| 73.5) 203)174. 1|104. 4] 263225. 6 135.2 
24 | 20.6|12.3} 84| 72.0) 43.2] 144/123. 5] 74.0 204/175. 0/104. 9] 264/226. 4 135.7 
25 | 21.4/12.9} 85| 72.9| 43.7] 145]124. 4) 74.5] 205/175. 8)105. 4] 265/227. 3 136. 2 
26 | 22.3/13.4] 86| 73.8] 44.2] 146/125. 2| 75.1] 206)176. 7/105. 9] 266/228. 2 136.7 
27. | 23.2)13.9] 87] 74.6| 44.7] 147/126. 1} 75.6} 207|177. 5|106. 4| 267/229. 0137.3 
28 | 24.0) 14.4] 88] 75.5] 45.2] 148/126. 9) 76. 1] 208/178. 4|106. 9] 268 229. 9/137. 8 
29 | 24.9/14.9] 89] 76.3) 45.7] 149]127. 8| 76.6] 209/179. 3)107. 4] 269/230. 7/138. 3 
30 | 25.7| 15.4] 90} 77.2! 46.3] 150]128. 7| 77.1] 210/180. 1]108. 0} 270/231. 6/138. 8 
31 | 26.6|15.9]| 91| 78.1) 46.8] 151/129. 5| 77.6 211|181. 0/108. 5/ 271/232. 4/139. 3 
32 | 27.4/16.5]| 92| 78.9) 47.3] 152|130. 4| 78.1} 212/181. 8/109. 0} 272/233. 3)139. 8 
33 | 28.3|17.0] 93] 79. 8| 47.8] 153/131. 2) 78.7}} 213/182. 7/109. 5! 273/234. 2|140.3 
34 | 29.2/17.5] 94) 80.6! 48.3] 154/132. 1] 79.2] 214/183. 5/110. Of 274/235. 0|140. 9 
35 | 30.0/18.0] 95] 81.5) 48.8] 155/132. 9) 79.7] 215/184. 4|110. 5] 275/235. O]141. 4 
36 | 30.9) 18.5] 96] 82.3) 49.3] 156/133. 8] 80.2] 216/185. 3/111. 0) 276/236. 7|141.9 
37 | 31.7| 19.0] 97] 83.2) 49.9] 157/134. 7| 80.7] 217/186. 1]111. 6] 277/237. 6/142. 4 
38 | 32.6/19.5] 98) 84.1, 50.4] 158/135. 5) 81.2]| 218/187. 0/112. 1]| 278/238. 4|142. 9 
39 | 33.5|/20.1] 99} 84.9] 50.9] 159|136. 4! 81.7] 219/187. 8/112. 6] 279/239. 3]143. 4 
40 | 34.3} 20.6] 100] 85. 8} 51.4] 160]137. 2) 82.3] 220:188. 7|113. 1 280/240. 2/143. 9) 
41 | 35.2| 21.1] 101] 86.6] 51.9} 161]138. 1] 82. 8]| 221/189. 6/113. 6] 281/241. 0144.5 
42 | 36.0] 21.6] 102] 87.5| 52.4] 162)138.9) 83. 3]} 222/190. 4|114. 1 282/241. 91145. 0 
43 | 36.9) 22.1] 103) 88.3) 52.9] 163/139. 8) 83. 8} 223/191. 3/114. 6] 283/242. 7/145. 5, 
44 | 37.7| 22.6] 104| 89.2) 53.5] 164/140. 7| 84.3] 224)192. 1/115. 2 284/243. 6146.0; 
45 | 38.6] 23.1] 105] 90.1] 54.0] 165/141. 5) 84. 8 || 225/193. O}115. 7) 285/244. 4/146. 5 
46 | 39.5] 23.6] 106] 90.9] 54.5] 166|142. 4) 85.3} 226/193. 8/116. 2! 286/245. 3,147.0 
47 | 40.3] 24.2] 107| 91.8) 55.0] 167|143. 2| 85. 8) 227/194. 7/116. 7] 287/246. 2/147. 5 
48 | 41.2) 24.7] 108] 92.6] 55.5] 168|144. 1| 86.4] 228/195. 6/117. 2] 288/247. 01148. 1 
49 | 42.0| 25.2|} 109} 93.5] 56.0] 169/145. 0| 86.9 || 229/196. 4 117.7] 289|247. 91148. 6 
50 | 42.9] 25.7] 110) 94.3] 56.5]| 170]145. 8] 87.4] 230/197. 3/118. 2} 290/248. 7149. 1 
51 | 42.7) 26.2] 111] 95.2] 57.1] 171]146. 7| 87.9] 231/198. 1|118. 8 291/249. 6/149. 6 
52 | 44.6) 26.7] 112] 96.1] 57.6] 172|147. 5| 88.4} 232/199. 0/119. 3) 292/250. 5|150. 1 
53 | 45.5| 27.2] 113] 96.9] 58.1) 173|148.4| 88.9] 233/199. 8/119. 8] 293/251. 3/150. 6 
54 | 46.3) 27.8] 114] 97. 8| 58.6} 174|149.2| 89.4] 234/200. 7/120. 3] 294/252. 2/151. 1 
55 | 47.2) 28.3] 115} 98.6] 59.1} 175|150. 1] 96. 0]| 235/201. 6|120. 8] 295/253. 0151. 7) F 
56 | 48.0) 28.84 116) 99.5] 59.6] 176151. 0] 90. 5|| 236/202, 4/121. 3| 296/253. 9|152. 2 
57 | 48.9) 29.3] 117100. 4] 60.1] 177/151. 8) 91.0]| 237/203. 3/121. 8 297/254. 7152. 7 
58 | 49.7| 29.8] 118)101. 2} 60.7} 178/152. 7| 91.5]| 238/204. 1/122. 4) 298/255. 6)153. 2 
59 | 50. 6/ 30.3] 119)102. 1] 61.2] 179|153. 5| 92.0] 239/205. 0/122. 9] 299/256. 5153. 7 
60 | 51.5) 30.8} 120)102. 9] 61.7] 180|154. 4| 92.5], 240/205. 9/123. 4] 300|257. 3)154. 2 


For 5} Points. 


TABLE I. 
Difference of Latitude and Departure for 3 Points. 


Dist.| Lat. Dep. | Dist.| Lat. | Dep. 


181/150. 5100. 6| 241/200. 4133. 9 
182/151. 3/101. 1] 242 201.2134. 4] ] 

183] 152. 2/101. 7] 243/202. 0/135. 0 

184)153. 0/102. 2] 244/202. 9135. 6 

| 185/153. 8 102. 8] 245 203. 7136. | 

; 186/154. 6/103. 3} 246!204. 5 136.7 

j) 187,155. 5103.9] 247/205. 4137. 2 

188 156. 3.104. 4 248 206. 2137. 8 
189/157. 1/105. 0} 249'207.0 138. 3} 

72.2| 190158. 0105.6] 250/207. 91138. 9 


72. 8| 191/158. 8/106. 1 251/208. 7/139. 4 
109. 7| 73.3] 192/159. 6/106. 7) 252/209. 5 140. 0 
110.6} 73.9} 193/160. 5|107. 2} 253 210. 4 140. 6 
111.4) 74.4] 194/161. 3/107. 8] 254 211.2 141.1 
112, 2} 75.0) 195,162. 1108.3) 255 212.0 141.7 
113.1] 75.6] 196 163.0108. 9] 256 212. 9 142. 2 
113.9} 76. 1] 197/163. 8 109. 4| 257 213. 7 142. 8 
114.7] 76.7] 198,164. 6110. 0) 258 214.5 143. 3 
115.6] 77.2| 199/165.5110. 6) 259.215 3 143.9 
116.4) 77.8] 200,166. 3 2144.4 


111.1] 260/216. | 
117. 2| 78.3] 201/167. 1/111. 7] 261|217. 0 145.0 
118. 1| 78. 9] 202168. 0/112. 2) 262 217. 8 145. 6 
118.9| 79.4] 203 168. 8112. 8) 263 218. 
119.7 80.0] 204/169. 6113.3) 264 219. 
120.6] 80. 6| 2051170. 4 113.9! 265 220. 
121.4) 81.1] 206171.3114. 4] 266 221. 
122.2) 81.7} 207172. 1/115. 0} 267 222. 
'123. 1] 82.2] 208'172. 9/115. 6) 268 222. 
123.9} 82.8] 209|173.8/116, 1| 269 223. 
24.7| 83.3] 210/174. 6116.7] 270224. 


125. 5| 83.9) TTR ITE 
126.4) 84. 4!) 212176.3)117. 8 

51.7] 153/127. 2) 85. 0 213.177. 1118.3 

52. 2|| 154/128. 0] 85.6} 214177. 9:118. 9 

52.81] 155,128.9) 86.1] 215 178.8119. 4) 2 
53.31] 156129. 7| 86.7] 216179. 6120. 0| 2762 
157;130. 5} 87.2) 217 18). 4120.6! 277 230. 
158.131. 4| 87. 8) 218 3181.3-121. M 278 231. 
159 132.2) 88.3), 219 182. 1 121.7) 279 282. 
160 133. 0| 88. alld! 91122, 2; 280 232. 


161133. 9| 89. 4 221183. 7)122. 8| 281 233. 
162/134. 7| 90.0] 222/184. 6/123. 3) 282 234. 
163 135.5} 90. 6 223/185. 4.123. 9| 283 235. 
164136. 4} 91.1] 224/186. 2/124. 4} 284 236. 
165 137.2) 91.7] 225 187. 1/125 0| 285 237. 
166 138. 0} 92.2) 226/187. 91125. 6! 286 237. 
167 138. 9| 92. 8. 2 227 188. a6) 1 287/238. 
168 139. 7| 93.3) 228 189. 6/126. 7) 288/239. : 
169|140. 5| 93. 9] 229/190. 4/127. 2) 289/240. : 
170|141. 3] 94.4 230/191. 2/127. 8, 290/241. 
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72, 59.9|40.0|| 132 
73, 60.7} 40.6|| 133 
74 61.5| 41.1] 134, 
75 62.4|41.7]| 135 
76 63.2 | 42.2]) 136 
77 64.0 | 42.8] 137 
78 64.8 | 43.3] 138 
79 65.7| 43.91) 139 
80 66.5|44.4|| 140 


45.0} 141 
45.6) 142 
46.1] 143 
46. 7|| 144 
47.2) 145 
47.8} 146 
48.3) 147 
49. 4 149 
50.0] 1501 


50. 6|| 151| 
51.1] 152 
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48.2 32. 


59 | 49.1 32. 
60 | 49.9 33. 


Dist. Dep. | Lat. Dist. 


| 116 96. 


| 119. 98. 


| 


112) 93. 
113) 94. 
114/94. 
115 95. 


117, 97. 


1 
0 
8 
6 
4 
3 
118 98.1 
9 


120 99.8 


171|142. 
172/143. 
173 143. 
174 144. 


62.2 
62.48 


175 145. 
176 146. ¢ 
177 147. 
178 148. 
179 148. 
180 149. 7|100. 0 


0 
8 
7 
5 
3 
2 
0 


8 


95. 6 
96.1 
96.7 
97. 2i| 2 
97.8, 
98.3 
98.9 
99.4 


233 193. 
234 194. 
35/195. 


S36l196. 


240 199. 


231/192. 1/128. 
232 192. 


237,197. 
238 197. 
239 198. 


9128. 9)! 
71129. 
6/130. 
4|130. 
2}131. 1] 


1131.7) 297 


{132.2 
7\132. 8 


7 
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& 


29: ; one. 


51133. 3) 
— 


For 5 Points. 


TABLE I. 
Difference of Latitude and Departure for 3} Point. 


Dist.| Lat. | Dep. |Dist.! Lat. | Dep. | Dist.| Lat. | Dep. Dist, Lat. | Dep.| Dist.| Lat. Dep. 


im 


Lat. |Dist.! Dep. | Lat. 
For 43 Points. | 


Lat. |Dist.| Dep.! Lat. |Dist.| Dep. 


1 61| 49.0 36.3) 121| 97.2) 72.1] 181,145. 4107.8 193. 6 143. 6 
2 62} 49. 8 36.9| 122] 98.0) 72.7) 182,146. 2108. 4| 242/194. 4/144. 2 
3 63| 50. 6, 37.5| 123] 98.8) 73.3| 183/147. 0 109. 0| 243.195. 2 144.8 
4 64| 51.4/ 38.1] 124] 99.6 184/147, 8 109. 6} 244,196. 145.4 
5 65| 52. 2) 38.7] 125/100. 4| 74.5] 185/148. e110. 2| 245/196 8 146.0 
6 66| 53.0) 39.3] 126 101.2) 75.1) 186/149. 4110. 8] 246 197.6 146.5 
7 67| 53.8) 39.9] 127/102.0 75. 7| 187/150. 2/111. 4] 247 198.4 147.1 
8 68| 54.6) 40.5] 128'102.8, 188 151.0 112.0] 248 199. 2147.7 
9 _ 69| 55.4) 41,1] 129 103. 6 189|151. 8 112. 6 249 200, 0/148. 3 
10 ! 70| 56.2} 41.7] 130,104. 4] 77.4] 190,152. 6113.2 200. 8 148.9 
11 | 08.8) 06.6) 71| 57.0) 42.3] 131/105.2) 78.0) 191/153. 4/113. 8] 251/201. 6 149. 5 
12 | 09.6) 07.1} 72] 57.8) 42.9) 132 106.0, 78.6, 192|154.2)114, 4] 252/202. 4 150. 1 
13 | 10.4/07.7] 73] 58.6) 43.5] 133 106.8 79.2) 193/155. 0/115. 0) 253 203. 2 150. 7 
14 | 11.2/08.3]| 74} 59.4, 44.1] 134 107. 6) 79.8] 194/155. 8 115.6 254/204.0 151.3 
is | 12.0|08.9] 75] 60.2! “07 135 108.4) 80.4! 195/156. 6116.2] 255 204. 8 151.9 
16 | 12.9'09 5] 76| 61.0) 45.3) 136.109.2 81.0! 196)157.4 116.8 256 205. 6 152. 5 
17 | 13.7) 10.1} 77) 61.8) 45.9) 137/110.0) 81.6) 197,158. 2/117, 4) 257/206, 4153. 1 
18 | 14.5) 10.7] 78) 62.6) 46.5/ 138,110. 8 82.2 198 159. 0/118. 0) 258 207.2 153.7 
19 | 15.3) 11.3] 79) 63.4) 47.1] 139,111.6) 82.8, 199/159. 8 118.5 259 208.0 154.3 
20 | 16.1} 11.9} go] 64.31 47.71 140:112.4) 83.4! 290/169. 6119. 1] 260 208. 8 154.9 
21 | 16.9/12.5] 81] 65.1) 48.3] 141/113 2) 84.0) 201|161. 4)119. 7] 2611209. 6 155.5 
22 | 17.7) 13.1] 82] 65.9) 48.9! 142}114.0, 84.6 202/162. 2/120. 3} 262210, 4 156.1 
23 | 18.5|13.7] 83) 66.7) 49.4| 143/114. 9| 85.2) 203 163. 0|120. 9| 263 211.2 156.7 
24 | 19.3/ 14.3] 84] 67.5) 50.0] 144/115. 7| 85.8] 204 163, 9/121. 6 264/212.0 157.3 
25 | 20.1) 14.9] 85] 68.3] 50.6! 145/116 5| 86.4) 205/164. 7/122. 1] 265/212. 8 157.9 
26 | 20.9}15.5|| 86) 69.1] 51.2] 146)/117.3| 87.0. 206,165. 5|122. 7] 266/213. 6158.5 
27 | 21.7) 16.1]| 87) 69.9) 51.8} 147/118. 1] 87.6] 207)166. 3/123. 3] 267,214. 5159.1 
28 | 22.5) 16.7) 88) 70. 7) 62.4) 148/118. 9) 88.2) 208 167. 1/123, 9) 268/215. 3 159. 6 
29 | 23.3/17.3] 89] 71.5] 53.0] 149/119. 7| 88.8) 209/167.9)124. 5) 269/216. 1 160.2 
30 | 24.1] 17.9] 90) 72.3) 53.6] 150/120. 5] 89. 4! 210 168. 7|125. 1] 270/216. 9|160. 8 
31 | 24.9/18.5] 91] 73.1! 54.2] 151/121. 3] 90. 0! 211/169. 5/125. 7] 271/217. 7/161. 4! 
32 | 25.7/19.1]| 92 73.9) 54.8] 152/122. 1] 90.5! 212/170. 3/126.3) 272/218. 5 162.0 
33 | 26.5)19.7]) 93] 74.7 55.4 | 153] 122.9 91.1) 213/171. 1/126. 9] 273219. 3/162. 6 
34 | 27.3)20.3]) 94) 75.5] 56.0) 154}123. 7) 91.7) 214/171. 9]127. 5] 274/220, 1163.2 
35 | 28.1/20.9|| 95) 76 3156.6} 155|124. 5] £2.3) 215/172. 7/128. 1] 275 220. 9 163. 8 
36 | 28.9) 21.4] 96) 77.1|57.2] 156]125.3| $2.9) 216178. 5/128. 7) 276221. 7 164. 4 
37 | 29.7) 22.0] 97) 77.9) 57.8) 157/126. 1) 93.5, 217)174. 3/129. 3, 277/222. 5,165.0 
38 | 30.5) 22.6] 98 73.7) 58.4) 155/126.9) 94.1) 218 175. 1) 129. 6) 278 223, 3 165.6 
39 | 31.3|23.2]} 99) 79.5] 59.0] 159]127.7| 94.7) 219/175. 9/130. 5) 279/224, 1/166. 2 
40 | 32.1) 23.8] 100 80 3) 59.6] 160/128. 5) 95.3: 220,176. 7|131. 1 280 224. 9/166. 8) 
41 | 32.9/ 24.4] 101] 81. 1) 60.2] 161|129. 3] 95.9) 221]177. . | 2811225. 7/167. 4 
42 | 33.7| 25.0] 102) 81.9] 60. 8] 162/130. 1] 96.5! 292/178. 3/132. 2! 282/226. 5/168. 0 
43 | 34.5} 25.6] 103] 82.7] 61.4] 163]130.9] 97.1); 223,179. 1/132. 8] 283/227. 3/168. 6 
44 | 35.3] 26.2] 104) 83. 5| 62.0] 164/131.7| 97.7) 224/179. 9/133. 4], 284/228. 1/169. 2) 
45 | 36.1 26. 8| 105| 84.3) 62.6) 165/132. 5) 98.3) 225/180. 0} 285 228. 91169. 8, 
46 | 36.9) 27.4] 106) 85.1) 63.1] 166)133.3) 98.9) 226181. 286/229. 7170.4) 
47 | 37.7) 28.0) 107) 85.9) 63.7) 167|134. 1] 99.5) 227/182. 287/230. 5/171. 0, 
48 | 38. G| 28.6] 108) 86.7] 64 3}! 168/134. 9/106. 1] 228/183. 288 231. 3/171. 6! 
49 | 39.4) 29.2] 109, 87. 5) 64.9] 169/135. 7/100. 7) 229/183. 289) 232. 1/172. 2 
50 | 40.2] 29.8] 110) 83. 65.5] 170|136. 5101.3) 230/184. 291)|232. 91172. 8| 
51 | 41.0) 30.4 .1{ 171|137.3 oe 231/185. 2911233. 7|173. 3| 
52 | 41.8) 31.0 '6.7|| 172] 138. 1/102. 5) 232|186. 2] 292/234. 5 173.9) 
53 | 42.6/31.6 '7. 3] 173|138.9)103. 1) 233)187. . &| 293/235. 3174.5 
54 | 43. 4/ 32.2 9] 174|139. 8 1059] 231\187. § 294/236. 1/175. 1 
55 | 44.2! 32.8 5] 175}/140. 6/104. 2) 235)188. 295 236. 91175.7 
.0| 33.4 9.1] 176)141.4 104.8 236) 189. 296 237. 7|176.3 
5. 8| 34.0 69.7] 177|142. 2105.4) 237/190. 297/238. 5|176.9 
. 6| 34.6 70.3}, 178|143.0106.0, 238/191. | 298.239. 4/177. 5 
4) 35.1 70.9|| 17!|143. 8106. 6, 239/192 299)240. 2|178. 1 
. | 5.7 71.5], 180|144. 6 107.2| 240,192. 300 241. ee 7 


TABLE I. 
Difference of Latitude and Departure for 31 Points. 


COT me Oto OH 
tees SLES. se ae 
RRS CEE RR LR a RRR A he TB RR el LA ELIE NIE DIL SRE LBD BES DSL AMPERES ELD EY 


Dist. Lat. | Dep. Dist.| Lat. Dep. |\Dist.| Lat. | Dep. Dist.| Lat. | Dep. pe Lat. | Dep. 
1 | 00.8 00.6] 61 47.1/38.7]| 121! 93.5 76.8] 181/139. 9/114. 8) 241/186. 3 152. 9 
2 | 01.5/01.3|, 62 47.9] 39.31] 122 94.3 77.4] 182/140. 7)115. 5| 242:187.1153.5 
3 | 02.3'01.9] 63 48.7) 40.0} 123) 95.1! 78.0) 183/141. 51116. 1) 243/187. 8154. 2 
4 | 03.1/02.5] 64 49.5] 40.6] 124) 95.8) 78.7) 184 142. 2116.7) 244188. 6154.8 |} 
5 | 03.9) 03.2] 65 50.2} 41.2]} 125 96.6) 79.3) 185,143. 0117. 4 245 189.4155. 4 
6 | 04.6 03.8] 66 51.0] 41.9] 126) 97.4, 79.9) 186)143. 8 118. 0 246,199. 2,156. 1 
7 | 05.4' 04.4] 67) 51.8! 42.5]] 127| 98.2 80. 6 187,144. 5 118. 6 247 190.9156. 7 
8 | 06.2/05.1] 68 52.6! 43.1] 128) 98.9 81.2] 188/145. 3/119. 3 248 191.7 157.3 
9 | 07.0,05.7] 69 53.3 | 43.8) 129, 99.7) 81.8) 189146, 1)119. 9) 249 192.5 158.0 
10 | 07.7' 06.3] 70 54.1] 44.4] 130,100. 5) 82.5} 190/146. 9/120. 0. 5) 250 193.2152 6 
IL | 08.5 07.0] 71 54.9 | 45.0] 131,101.3) 83.1) 191/147. 6/121, 2| 251/194. 0/159. 2 
12'| 09.3 07.6] 72 55.7) 45.7] 132 102.0] 83.7) 192148. 4/121. 8 252 194. 8159. 9 
13 | 10..0,08.2]) 73 56.4) 46.31! 133 102.8) 84. 4 193 149. 2122. 4) 253 195.6160. 5 
14 | 10.8 08.9] 74 57.2] 46.9]| 134'103.6, 85. 0} 194/150. 0/123. 1] 254 196.3161, 1 
15 | 11.6/09.5] 75 58.0! 47.6! 135.104, 4) 85. 6| 195 150.7123. 7| 255/197.1 161.8 
16 | 12.4)10.1] 76 58.7/ 48.2) 136/105. 1] 86. 3 196 151. 5,124. 3) 256197: 9 162. 4 
17 | 13.1/10.8] 77 59.5 43.3 137,105. 9) 86.9} 197|152. 3125. 0) 257 198.7 163. 0 
18 | 13.9/11.4] 78 60.3) 49.5] 138 106.7} 87.5 198 153. 1125. 6 258 199. 4 163. 7 
19 | 14.7/12.0] 79 61.1) 50.1] 139 107.4] 88.2) 199,153. 8.126. 2 259) 200. 2164.3 

20 | 15.5) 12.7]| 80 61.8 | 50.7]! 140,108. 2) 88. 8} 200,154. 6126. 9 260/201. 0,164, 9 | 

21 | 16,2,13.3] 81 62.6) 51.4 | 141)109.0; 89. 4 201|155. 4/127. 5) 261 201. 8165.6 

22 | 17.0,14,0] 82 63.4 | 52.0) 142,109. 8) 90.1) 202/156. 1/128. 1) 262 202. 5/166. 2 

23 | 17.8/14.6] 83 64.2] 52.7'| 143'110.5] 90. oh 203 156. 9/128. 8} 263 203. 3 166. 8 

24 | 18.6/15.2] 84 64.91 53.31] 144/111.3) OL. 3 204/157. 7|129. 4| 264/204. 1167.5 

25 | 19.3) 15.9]} 85 65.7/ 53.9] 145 112.1] 92. 0} 205'158. 51130. 0} 265 204. 8 168. 1 

26 | 20.1/16.5]] 86 66.5] 54.61 146 112.9] 92. 6 206 159. 2\130. 7} 266 205. 6 168.7 

27 | 20.9/17.1]| 87 67.2 55.2 147,113. 6} 93.3} 207/160. 0/131.3] 267206. 4169. 4 
28 | 21.6 17.8] 88 68.0/ 55.8] 148 114.4) 93.9) 208 160. 8/132. 0] 268 207.2170. 0 
29 | 22.4/18.41) 89 68.8) 56.5] 149115.2| 94.5] 209/161. 6132. 6 269 207.9170. 6 

| 30 | 23.2 19.0|| 90, 69.6} 57.1) 150,115. 9} 95.2! 210/162. 3 133.2 270208. 7171. 
31 | 24.0 19.7 91; 70.3 | 57.7] 151|116.7| 95.8] 211/163. 1/133. 9| 271 209.5171. 
32 | 24.7/20.3) 92) 71.1/58.4]) 152,117.5| 96. 4! 212,163. 9134. 5 272 210. 3172. 
33 | 25.5] 20. 9| 93, 71.9|59.0]| 153/118. 3] 97.1] 213.164.6135. 1| 273 211.0173. 
34 | 26.3)/21.6] 94 72.7) 59.61] 154/119.0] 97. 7 214/165. 4135. 8| 274 211.8173. 
35 27. 1| 22.2 95 73.4 | 60.3!| 155119. 8) 98.3} 215 166. 2136, 4) 275 212. 6174. 
36 | 27.8 22.8] 96 74.2) 60.9|| 156 120. 6| 99.0} 216167. 0/137. 0} 276 213.3175. 

37 | 28.6, 23.5] 97) 75.0] 61.5]) 157/121. 4} 99. 6) 217,167. 7|137. 71 277214. 1175. 

38 | 29.4/24.1] 98) 75.7! 62.2]| 158/122. 1/100. 2) 218 168. 5138. 3] 278 214.9176. 

39 | 30.1) 24.7] 99) 76.5 | 62. 8]) 159/122. 9,100. 9] 219 169. 3.138. 9| 279215. 7177.0 

40 | 30.9) 25.4] 100, 77.3 | 63.4]] 160123. 7/101. 5) 220,170. 1/139.6 220 216.4177, 6 
41 | 31.7) 26.0] 101 78.1 64. | 161)124. 4|102. 1 221/170. 8140. 2) 281 217.2178. 

42 | 32.5 26.6) 102 78.8 64.7) 162,125, 2102. 8} 222,171. 6/140. 8) 282 218.0178. 

43 | 33.2) 27.3] 103) 79. 6| 65.3] 163 126. 0/103. 4| 223.172.4141. 5 283 218.8179. 

44 | 34.0, 27.9) 104 80.4 | 66.0 164 126.8 104. 0 | 224/173. 1/142. 1! 284 219. 5 180. 

45 | 34.8 28.5] 105 81.2) 66.6] 165 127. 5 104.7 225/173. 9)142. 7) 285 220.3 180, 
46 | 35.6) 29.2] 106) 81.9) 67.2] 166 128.3 105. 3\ 226/174. 7|143. 4| 286.221.1181, 
47 | 36.3 29.8 82.7 | 67.9] 167129. 11195. 9] 227175. 5144. 0| 287221. 8 182. 
48 | 37.1/ 30.4! 83.5 | 68.5|| 168 129. 9.106. 6! 228/176. 2|144. 6; 288 222. 6 182. 
49 | 37.9'31.1 84.3 | 69.1) 169 130. 6/107. 2) 229,177. 0/145. 3) 289 223. 4 183. 
50 | 38.6) 3i. 10, 85. 0 | 69. 8] 170,131. 4,107. 8| 230177. 8|145. 9} 290224, 2184.0 
51 | 39.4) 32. 5.8| 70.4 171 132. 2/108. 5] 231/178. 6|146, 5; 291/224. 9 184.6 

.2 33. 86.6) 71.0 172 133. 0/109. 1 232,179. 3/147. 2 292 225. 7,185.2 
0) 33. |87.3| 71.7]] 173 133.7109. 7) 233/180. 1/147. 8 293 226.5 185.9 
.7\ 34. 8.1] 72.3] 174134. 5/110. 4), 234/180. 91148. 4 294 227.3 186.5 
.5| 34. 88.9 | 73. 0|| 175 135. 3,111. 0) 235/181. 7/149. 1) 295 228. 0187.1. 
. 3) 35. || 89.7| 73.6] 176136. 0/111. 6] 236 182. 4)149. 7) 296 228. 8 187. 8 
1/36. 90.4 | 74.2] 177.136 8/112. 3) 237163. 2)150. 3) 297 229.6188. 4 
. 8) 36. 91.2) 74.9] 178 137.6 112. 9) 238 184. O|151. 0. 298 230. 4 189. 0 | 
59 | 45.6) 37. 92.0] 75.5] 179 138.4113. 6} 239 184. 7|151, 6! 299/231. 1189.7 | 
.4| 38. 92.8| 76.1] 180 139.1114. 240 185. 5|152. 3) 300. 231.9 190.3 | 
ist. : s Lat. Diet Dep. | Lat. 
| For 43 Points. “ 
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TABLE I. 
Difference of Latitude and Departure for 32 Points. 


. 3} 181 


0} 
ny @ 3 
4 92. 6| 83.9 
0 93.4| 84.6 
23 94.1| 85.3 
4 94.8] 86.0 
.0 95.6| 86.6 
43 i 96.3| 87.3 
4] 71] 52.6]47.7] 131| 97.1] 88.0 
1|| 72) 53.3] 48.3] 132] 97.8] 88.6 
7\} 73| 54.1) 49.0] 133} 98.5} 89.3 
4} 74] 54.8] 49.7] 134] 99.3] 90.0 
1} 75] 55.6] 50.4] 135/100. 0| 90. 7; 
7 76) 56.3] 51.0] 136/100. 8] 91.3) 
4) 77) 57.0) 51.7} 137|101.5)| 92.0 
L} 78) 57. 8| 52.4] 138 102.2) 92 
8] 79} 58. 5| 53.0] 139/103. 0) 93.3 
4|} §0| 59.3| 53.7] 140,103.7| 94.0 
1) 81| 60.0] 54.4{ 141/104. 5| 94.7 
.8| 82] 60,8] 55.1} 142'105.2] 95.4 
.4|| 83) 61.5] 55.7] 143/106.0| 96.0 
1), 84| 62.2] 56.4] 144/106. 7] 96.7 
‘8 85) 63.0/57.1] 145107.4| 97.4 
5 oe 7 oh 7|| 146,108. 2] 98. 
i 8.4] 147,108.9] 98.7 
.8 a eal oue 148 109.7] 99.4 
5] 89] 65.9] 59.8] 149 110. 4|100. 1 
1] 90] 66.7| 60.4] 150,111. 1100.7 
[20.8 91] 67.4] 61.1] 151/111. 9]101.4 
.5) 92] 68.2] 61.8] 152/112. 6/102. 1 
2.2|| 93] 68.9] 62.4] 153,113. 4/102.7 
22,8] 94| 69, 6| 63.1] 154/114. 1/103. 4 
23.5] 95) 70. 4|63.8|| 155/114. 8/104. 1 
24,2] 96| 71.1/64.5] 156115. 6/104.8 
24.8|| 97) 71.9] 65.1} 157|116. 3]105. 4 
25.5] 98| 72. 6| 65.8] 158 117. 1/106. 1] 
26.21 99| 73.3] 66.5] 159/117. 8/106. 8 
26.9|| 100} 74.1| 67.2] 160,118. 5|107. 4 
27.5] 101) 74.8| 67.8] 161/119. 3]108. 1 
28.2] 102| 75. 6) 68.5] 162 120. 0/108. 8 
28.9] 103| 76.3] 69.2), 163 120. 8|109.5 
29.5|| 104| 77.1] 69. 8|| 164/121. 5/110. 1 
30.2|| 105] 77. 8| 70.5] 165/122. 3/110. 8 
30.9] 106] 78.5) 71.2] 166.123. 0/111.5 
31.6] 107] 79.3) 71.8] 167/123. 7|112. ]| 
32.2] 108} 80. 0 72.5] 168,124. 5/112.8 
32.9} 109] 80. 8 73.2] 169 125. 2|113.5 
50 | 37.0) 33.6] 110| 81.5] 73.9] 170,126. 0/114. 2 
“sl | 37.8/34.21 111| 82.2) 74.5] 171/126. 7/114 
34.9 112] 83.0] 75.2] 172/127. 4/115 
35.6] 113! 83.7] 75.9] 173,128. 2/116 
36.3] Iba) 84.5) 76.5] 174 128. 9)116. 
36.9] 115] 85. 2] 77. vie 
37.6|| 116| 85.9| 77. 
38.3] 117| 86.7] 78. 
38.9] 118] 87. 4| 79. 
39.6) 119] 88.2] 79. 
40.3 || 120] 88.9| 80. 


. | Lat. |Dist.} Dep. | Lat, |Dist. 


— 


13h. 
134. 
135. 
136. 
137. 
Lod 
138. 
139. 


182, . 2] 242 
183 
184 
185 
186 
187 
188 
189)140. 


190|140. 


191/141 
192/142 
193)143 
194/143 
195/144 


128.3 25) 
128. 9] 252 
129.6] 253 
130.3] 254 
130.9] 255 
196145. 2/131. 6| 256 
197/146. 0|132. 3| 257 
198/146. 7/133. 0] 258 
199/147. 4/133. 6] 259 
200/148. 2/134. 3]] 260 


201/148, 9/135. 0) 261 
202/149. 7/135. 6] 262 
203) 150. 4/136. 3] 263 
204/151. 1/137. 0) 264 
205/151. 9|137. 7] 265 
206|152. 6/138. 3] 266 
207/153. 4/139. 
208/154. 1|139. 
209|154. 9/140. 3] 269 
210)155. 6}141. O| 270 


211)156. 3)141.7 
212)157. 1/142. 
213/157. 8/143. 
214/158. 6|143. 
215) 159. 3)144. 
216160. 0)145. 
217|160. 8145. 
218/161. 5|146. 
219|162. 3)147. 
220/163. 0|147. 


221|163. 7/148. 
222|164, 5/149. 
293/165. 2/149. 
224|166. 01150. 
2251166. 7151. 
226/167. 4|151, 
227/168, 2|152. 
228|168. 9/153. 
229|169, 7/153. 
230|170. 4|154. 


267 


275 
276 
277 
278 
279 
280 


For 44 P Points. 


3 S41 178. r 161. 


.9| 243/180. 0/163. 
. 6| 244/180. 8/163. 
245/181. 5/164. 
246/182. 3/165. 
247/183. 0/165. 
248/183. 8/166. 
249|184. 5/167. 2 
127. 6| 250|185. 2 


268; 


179. 3/162. 


Or bo Or OO bo Or Col” 


167.9 


186. 0/168. 5 
186. 7|169. 2 
187. 5|169. 9 
188. 2|170. 6 
188.9|171.2 
189.7|171.9 
190. 4/172. 6 
191, 2)173.2 
191. 9173.9 
192. 6|174.6 


193. 4/175. 3 
194. 1|175.9 
194, 9|176.6 
195, 6|177.3 
196, 3178.0 
197. 1/178.6 
197. 8)179.3 
198. 6|180.0 
199. 3/180. 6 


271/200. 
272/201. 
273)202. 
274/203. 


200. 1181.3 
8)182. 0 


203. 
204, 
205, 
206. 
206. 
207. 


Oe ROE ROM ATH PTS PATO R 


TABLE I. 


16 
Difference of Latitude and Departure for 4 Points. | 
Dist.| Lat. Dep. |\Dist.| Lat. | Dep. ||Dist i aay a Td Dep. 
pecs babe bea be ee: iss 128. 7/128. 7) 242|171. 1171 1 
Sa aes ies RV 183|129. 4/129. 4) 243)171. 8171.8 
[OU Ba eae “7 184|130. 1/130. 1} 244|172. 5172. 5. 
eae ee ee ee rie ‘| 185/130. 8 130. 8) 245/173. 2|173. 2 
eae 03.5) a ae ie ‘1 186|131. 51131. 5| 246|173. 9[173. 9 
6 | 04.2] 04.2] 66] 46.7 46.7 "g| 187|132. 21139, 9} 247 174. 7178.7 
co obliges esed ee PTS 90.5} 90.5) 188/132, 91132. 9| 248175. 4/175. 4 
; pe ee 0 ae 1 91.2 18 189/133. 61133. 6| 249/176. 1 176. ! 
10 | 07.1|07.1] 70] 49.5] 49.5 91.9] 91.9} 190/134. 3/134, 3] 250|176. 81176. 8| 
11 | 07.8/ 07.8] 71] 50. 2) 50.2] 131| 92.6) 92. 6! 191/135, 1135. 1] 251|177. 5177. 5) 
12° opr ee 72| 50.9| 50.9] 132) 93.3) 93. 5 192}135, 8135. 8} 252|178. 2 Ate 2| 
13 | 09.2/ 09.2} 73] 51.6) 51.6] 133) 94.0) 94.0; 193]136. 5/136. 5) 253|178. 91178. 9 | 
14 | 09.9/09.9]| 74] 52.3] 52.3] 134] 94.8) 94.8] 194/137. 2/137. Qi 254/179. 6|179. 6 
15 | 10.6] 10.6] 75) 53.0] 53.0] 135] 95. 5) 95. 5 195/137. 9137.9] 255/180. 3 180. 3) 
16 | 11.3} 11.3) 76) 53.7) 53.7] 136) 96.2) 96.2) 196/138. 6138.6, 256/181. O/B. 0, 
17 | 12.0] 12.0] 77} 54.4) 54. 4] 137] 96.9) 96.9) 197/139. 3/139. 3; 257|181. GB 3 
18 | 12.7| 12.7} 78| 55.2) 55.2] 138] 97. 6) 97.6) 198/140. 0)140. 0] 258 182.4|108 4 
19 | 13.4} 13.4]} 79] 55.9] 55.9] 139] 98.3] 98.3) 199/140. 7|140. i 259/183. 1]183. 
20 | 14.1] 14.1] 80] 56.6) 56.6] 140] 99.0] 99.6) 200/141. 4/14], | 4| 260 Le 
.8| 14.8 81] 57.3] 57.3] 141] 99.7| 99.7] 201/142. 1|142. 1] 261/184. 6/184. 
5 oH: 15.6|| 82 Bay 58. 0| 142/100. 4/100. 7 202)142, 8142. 8 262|185.3 yee 
23 | 16.3) 16.3] 83] 58. 7| 58.7] 143/101. 1/101. 1) Sonevestor 263 188.0) Pe 
24 | 17.0)17.0] 84) 59. 4/ 59.4] 144/101. 8/101, 8) 204) 144. 2)144. 2) 264]186, 7 ie 
25 | 17.7/ 17.7] 85] 60.1) 60.1} 145/102. 5/102. 5, 205/145.0/145, 0] 265 187. 4187. 4 
26 | 18.4|18.4]| 86} 60.8] 60.8] 146/103. 2/103. 2) 206/145. 7/145. 7) 266/188. 1 ae 
27 | 19.1/19.1]) 87] 61.5] 61.5] 147/103. 9/103. 9| 207)146. 4|146. ‘ 267188. 8 ae. 
28 | 19.8] 19.8] 88] 62, 2] 62.2] 148)104. 7/104. 7, 208)147. 1)147. 1) 268/189. 5189. 5 
29 | 20.5/20.5|| 89] 62.9] 62.9] 149|105. 4) 105. 4 209)147. 8,147. 8| 269/190. 2190. 2 
30 | 21.2/21.2]} 90] 63.6] 63.6] 150|106. 1]106. 1) 210, 148. 5/148. 5| 270/190. oe 1 
|} 31 | 21.9/21.9] 91] 64.3] 64.3] 151|106. 8|106. 8) 211/149. 2/149. 2] 271]191. 6191. 6 
S a pai 92} 65.1] 65.1] 152|107. 5|107. 5, Tite by: 272 192. 3/93 
33 | 23.3/23.3] 93] 65.8) 65.8] 153/108. 2/108. 2) 213 150. 6 150. 6) 273 193. 0 vet 
34 | 24.0/ 24.0] 94] 66.5] 6.5] 154/108. 9 108.9) 214 151.3 151.3] 274)193.7 193-7) 
35 | 24.7/ 24.7], 95] 67.2} 67.2] 155|109. 6|109. 6, 215 152. 0152.0) 275/194. 5 ae 
36 | 25.5/25.5] 96] 67.9] 67.9] 156/110. 3110.3. 216 152.7 152. 7] 276 195, 2 rag 
37 | 26.2] 26.2] 97) 68.6] 68.6] 157/111.0 111.0 217,153, 4153. 4 277 195. 9/1 5. 9 
38 | 26.9] 26.9} 98] 69.3) 69.3] 158/111. 7/111. 7, 218 154. 1154.1 278)196. 6 1 : 
39 | 27.6) 27.6} 99] 70.0] 70.0) 159/112. 4)112. 4, 219 154.9 154.9) 279 197. 3|197 3 
40 | 28. 3/28. 3]| 100| 70. 7| 70. 7| 160,113. 1/113. 1) 220 155. 6155. 6 280) 198. « 
9.0 .4| 71. 4]] 161]113. 8/113. 8] 221/156. 3|156. 3) 281/198. 7/198. 7 
+: -7\| 102| 72.1] 72.11) 162/114. 5/114. 5! 292/157. 0/157. 0 282)199. 4|199. 4 
A Sel Res bd vin bape pe ced 3| 293/157. 7/157. 7, 283/200, 1/200. 1 
“T3111 104| 73.5| 73.5] 16d|116, 01116. o| 224/158, 4l1se.4! 2841200. (200. 8) 
ee od roy 165/116. 7|L16. ” 295 159. 1]159. 1| 285/201, 5201. 5 
"5/32, 5) 100] 75.0 | 166)117. 4|117. 4} 226 159. 8|159.8 280 202, 2 202. 2 
é ae « foi A | 9 i ; Oy 
“5133.9 ‘4 Fo. 4) 169,118. al118. 8] 226 Let. 2[L61, 2) 204/203. lara. 6 
49 | 34.6) 34.6] 109| 77.1) 77.1] 169/119. 5/119. 5| 229 161. 9 161. 289(204, 3/204. 3 
50 | 35, 435.4] 110] 77. 8| 77. 8], 170|120, 2|120. 2] 230,162. 6|162 gj 2 290 od 
51 | 36.1/ 36.1] 111| 78.5] 78.5] 171|120. 9/120. 9] 231/163. 3/163. 3) 291/205. 8205. 
. Hie 36.8] 112] 79.2) 79, 2) 172/121. 6/121. 6) 232) 164. 0/164. 0 298 206.5 
53 | 37.5] 37.5] 113] 79.9] 79.9} 173/122. 3 aa, 233 164.8 164. } 293 pits te 
54 | 38.2) 48.2] 114) 80. 6] 80. 6 174/123. 0/123. 0) 234 165. 5/165. 5) 204 207. 9|207.9 
55 | 38.9/38.9) 115] 81.3) 81.3] 175]123. 7/123 7 235 166. 2 166. 2} 298 208, 61308: 6 
56 | 39.6) 39.6) 116) 82. 0) 82.0) 176/124. 4/124. 4; 236 166. 9/166. 9, 296,209; 3980 9 
57 | 40.3/ 40.3] 117| 82.7] 82.71 177 125. pe: 2, mtd “ya 6) bee g id. oa Taian 
so | at. 7/41.7) 116] @4.1| 84,1) 1791126, 6126. 6| 239 16a. ollgo. 0| 99/211. 4/2114 
d Z | 9 : Ds yi jie i 205) , S , 
60.| 42/4] 42.4) 120] 84.8) 8. 84. 8| 180 127.3 127.3) 240169. 7 169.7, 300/212. 1/212. 1| 
Dist.| Dep. | Lat. |Dist.| Dep. bate Dist. Dep. | Lat. Dist.) Dep. | Lat. IDist.| Dep. Dep. | Lat. 


For 4 Points. 


TABLE II. 17 
Difference of Latitude and Departure for 1 Degree. 


Dist. Lat. | Dep. Dist.| Lat. | Dep. ||Dist.] Lat. | Dep. |[Dist.| Lat. | Dep. (ee Lat. | Dep. 
Ta isl. 


1] 01.0! 00.0 121/121.0 181 0! 03.2|| 241/241.0! 04.2 
2} 02.0] 00.0 122/122.0| 02.1 182|182.0 03.2!) 242/242. 0 04.2 
3] 03.0] 00.1 123/123.0| 02.1]| 183\183.0' 03.2) 243/243.0) 04.2! 
4} 04.0) 00.1 124/124 .0| 02.2]} 184/184.0] 03.2 2414/2440 04.3) 
. 5] 05.0) 00.1 1251125 .0| 02.2|| 185/185 .0| 03.2|) 245'245.0) 04.3 
06.0) 00.1 126/126.0| 02.2|| 186/186.0) 03.2) 246/246.0| 04.3 
7| 07.0] 00.1 127/127.0| 02.2|| 187|187.0| 03.3]| 247|247.0] 04.3 
8, 08.0] 00.1 128/128 .0| 02.2/] 1881188.0] 03.3]| 248/248.0] 04.8 
19.0! 00. 129}129.0| 02.2|| 189}189.0| 03.3] 249!249.0) 04.3 
10| 10.0] 00.2 .2|| 130/130.0] 02.3]/ 190/190.0] 03.3) 250/250.0] 04.4 
11| 11.0] 00.2 -2|| 131/131.0| 02.3]| 191|191.0| 03.3] 251/251.0! 04.4 
12) 12.0] 09.2 .3|| 132/132.0] 02.3]! 192/192.0] 03.4] 252/252.0| 04.4 
13, 13.0] 00.2 .3|| 133/133.0] 02.3]| 193'193.0} 03.41 253/253 0 04.41 
14| 14.0} 00.2 .3|| 1341134.0| 02.3]| 194|194.0, 03.4]| 254'254.0 04.4 
15|,15.0| 09.3 .3i| 135/135 .0| 02.4] 195/195.0| 03.4/} 255)255.0! 04.4 
16| 16.0; 00.3 .3]| 136|136.0) 02.4|| 196/196.0| 03.4]] 256/256.0| 04.5 
17| 17.0} 00.3 .3 13711370 02.4|| 197|197.0| 03.4|| 257/257.0] 04.5 
18| 18.0] 00.3 .4|| 138/138.0) 02.4]] 198/198.0] 03.5|| 2591258.0] 04.5! 
19| 19.0} 00.3 .4|| 139/139.0| 02.4|] 199|199.0| 03.51] 2591259.0) 04.5 
20} 20.0) 00.3 .4|] 140/140.0| 02.4]| 200/200.0| 03.5] 260;260.0| 04.5 
21} 21.0] 00.4 -4| 141|141.0| 02.5|| 201/201.0| 03.5|| 261/261.0| 04.5! 
22| 22.0! 00.4 .4|| 142/142.0] 02.5]] 202/202.0; 03.5]] 262/262.0] 04.6 
23] 23.0| 00.4 4 le 02.5|| 203/203. 0) 03.5|| 263/263.0) 04.6) 
24) 24.0) 00.4 .5|| 1441144.0| 02.5]| 204/204.0] 03.6!) 264/264.0! 04.6 
25| 25.0! 00.4 .5|) 145(145.0] 02.5|| 205)205.0) 03.6] 265/265. o| 04 6 
26| 26.0] 00.5 .5|| 1461146.0] 02.51] 206:206.0| 03.6|| 2661266.0| 04.6 
27| 27.0! 00.5 .5|| 147|147.0| 02.6]| 207/207.0| 03.6|| 267/267.0| 04.7 
28; 28.0| 00.5 .5|| 148.148.0! -02.6]] 268/208.0] 03.6] 268/268.0] 04.7 
29} 29.0) 00.5 .6]| 149/149.0, 02.6]| 209/209. 03.7| 269/269 .0| 04.7 
30 00.5 -6||_150150.0' 02.6|| 210/210.0) 03.7) 270/270.0| 04.7 
, 6 6 151/151. 02.6) 217/211. 03.7 O71 271/271.0| 04.7 
y 6 6 152'152.0; 02.7|| 212/212.0] 03.7! 272/272.0] 04.7 
6 .6|| 153/153.0| 02.7]] 213|213.0) 03.7\| 273/273.0 
6 -6|| 154/154.0' 02.7|| 214/214.0| 03.7] 274274.0 
6 .7|| 155/155.0| 02.71 215/215.0) 03.8|] 275|275.0 
6 .7|| 156|156.0| 02.7]| 216/216.0| 03.8]| 276/276.0 
6 .7|| 157|157.0| 02.7]| 217/217.0| 03.8'| 277/277.0 
7 .7|| 158/158.0| 02.8]| 218/218.0] 03.8]| 278/278.0 
7 .7|| 159|159.0| 02.8|| 219/219.0] 03.8} 2791279.0 
7 .7|| 160|160.0] 02.8|| 220/220.0) 03.8]} 280) 
7 8 161/161.0 02.8]] 221/221.0 03.9) 281|: 
4 .8| 162|162.0| 02.8]|| 222/222.0] 03.9] 28212 
8 .8|| 163/163 .0| 0: 223/223 .0| 03.9] 283/283. 
8 .8|| 164/164 .0 224/224 .0) 03.9]] 284l2 
1s .8il 165/165 .0 225|225 .0| 03.9] 285!: 
:8 .8|| 166/166.0 226/226 .0! 03.9|| 286/2 
8 .9H 167|167.0 227/227 .0) 04.0) 287/287 .0 
8 168|168 .0 228/228 .0| 04.0] 288/288.0 
9 169/169 .0 229/229 .0| 04.01] 289): 
9 170/170.0| 03.0]] 280/230.0| 04.0] 290/25 
9 171|171.0| 03.0 231 231.0 .ol] 291/291. 
9 172|172.6| 03.0 2.0! 04.0]| 292/292.0 
9 173/173 .0| 03.0/} 233/233.0] 04.1|} 293/293 .0 
9 174|174.0| 03.0]| 234/234.0| 04.1|| 294/294.0 
i) 175/175 .0| 03.1]| 235/235 .0| 04.1]| 295/295 .0 
0 176/176.0| 03.1|| 2361236.0] 04.1) 296'296.0 
0 177|177.0) 03.1 237|237 .0{ 04.1] 297/297.0 
0 178/178.0; 03.1|| 238|235.0] 04.2]) 298/298.0 
0 rl 0 2 
01.0 1 0] 04.2 


179|179.0| 03.1|| 239;239.0| 04.2|| 299!299.0 
180|180.0| 03.1|] 240|240.0] 04.2}) 3003 
Lat. Dist.| Dep.! Lat. Dist, Dep. | Lat. ||Dist. Dep | 


Cc For 89 Degrees. 


Dist. Dep. Dist.; Dep.| Lat. 


18 TABLE If. 


Difference of Latitude and Departure for 2 Degrees. 


Dist.| Lat. | Dep. Dist Lat. | Dov. |tzsa race! | Dep. /Dist.| Lat. | Dep. ||Dist. Lat. | Dep.| 


2 01.0; 00.0]| 61{ 61.0] 02.1'! 1211120.9) 04.2 ~06.3]| 241/240.9] 08.4 
2} 02.0) 00.1 .0| 02.2 04.3 .4|| 242/241.9 
8; 03.6] 00.1 .0| 02.2 04.3 .4|| 243|242.9 
4| 04.0) 00.1 .0| 02.2 04.3 .4|| 244/243 .9 
5| 05.0] 00.2 .0| 02.3 04.4 .5|] 245/244.9 
6| 06.0] 00.2 .0| 02.3 04.4 .5]| 246/245 .8 
7| 07.0] 00.2 .0} 02.3 04.4 .5]| 247/246.8 
8} 08.0] 00.3 .0| 02.4 04.5 .6|| 248]247.8 
9| 09.0] 00.3 0} 02.4 04.5 6] 249|248.8 
10! 10.0] 00.3 .0| 02.4 04.5 .6|| 256|249.8 
11| 11.0] 00.4 02.5 6 1.7) 251/250.8 
12] 12.0] 00.4 02.5 6 .7|| 252/251.8 
13| 13.0] 00.5 02.5 6 .7|| 253/252.8 
14] 14.0} 00.5 02.6 7 .8]] 254/253 .8 
15] 15.0] 00.5 02.6 ar .8|] 255|254.8 
16] 16.0, 00.6 02.7 i .8|| 256)255.9 
17| 17.6) 00.6 02.7 8 .9|| 257|256.8 
18] 18.0] 00.6 02.7 8 9] 258]257.8 
19] 19.0] 00.7 02.8 9 .9|| 259|258.8 
20| 20.0) 00.7 .0| 02.8 9 .9} 07.0]] 260/259 8 
21| 21.0) 00.7 .0| 02.8 9 200.9} 07.0]| 261|260.8 
22) 22.0] 00.8 .9| 02.9 0 07.0|| 262/261.8 
23| 23.0| 00.8 2.9] 02.9 0 07.1} 263|262.8 
24| 24.0] 00.8 .9| 02.9 .0 07.1 

25| 25.0] 00.9 .9| 03.0 1 07.2 

26| 26.0] 00.9 .9| 03.0 1 07.2 

27| 27.0| 00.9 .9| 03.0 iv 07.2 

28} 28.0] 01.0 .9| 03.1 2 07.3 

29} 29.0] 01.0 .9| 03.1 2 07.3 

30| 30.6] 01.0 9.9] 03.1 2 07.3 

31| 31.0 01.1 .9| 03.2 3 07.4 

32| 32.0] O1.1 .9| 03.2 3 07.4 

33| 33.0) 01.2 .9| 03.2 3 4 

34} 34.0, 01.2 3.9} 03.3 A 5 

35| 35.0] 01.2 .9] 03.3 4 5 

36| 36.0] 01.3 .9| 03.4 4 5 

37| 37.0] 01.3 .9| 03.4 5 .6 

38! 38.0] 01.3 .9| 03.4 5 6 

39| 39.0] 01.4 .9} 03.5 5 6 

40| 40.0) 01.4 .9} 03.5 5.6 “7 

41| 41.0] 01.4 .9| 03.5 6 221/220 .9| 07.7|| 281/280.8 
42} 42.6] 01.5]] 102{101.9| 03.6 .7|| 222/221 .9| 07.7]] 282/281.8 
43| 43.0] 01.5]] 103]/102.9| 03.6 .7|| 223|222.9] 07.8]| 283/282.8 
44] 44.0] 01.5|] 104/103.9] 03.6 .7|| 224|223 .9| 07.8]| 284/283 .8 
45. 45.0] 01.6|1 105/104.9] 03.7 .8|| 225/224 .9| 07.9]| 285/284.8 
46| 46.0| 01.6] 106/105.9] 03.7 .9| 05.8|} 226/225 .9] 07.9]] 286/255 .8 
47| 47.0| 01.6]] 107|106.9] 03.7 .9] 05.8|} 227/226.9] 07 .9]] 287|286.8 
48| 48.0] 01.7]] 108|107.9] 03.8 .9| 05.9|] 228/227.9] 08.0]] 288/287.8 
49| 49.0) 01.7] 109|108.9] 03.8 .9} 05.9|| 229/228 .9] 08.0]] 289/288.8 
50} 50.0] 01.7] 210)109.9) 03.8 .9} 05.9|} 230/229.9] 08.0]] 290/289.8 
51! 51.0| 01.8] 111,110.9] 03.9 .9| 06.0|| 231/230.9} 08.1]| 291/290.8 
52| 52.0] 01.8]] 112/111.9) 03.9 .9| 06.0|| 232/231.9| 08.1|| 292/291.8 
53] 53.0 01.8]| 113/112.9] 03.9 -9} 06.0)| 233/232.9} 08.1 8 
54| 54.0] 01.9]| 114]113.9] 04.0 .9| 06.1|| 234/233.9] 08.2|| 294/293.8 
55| 55.0! 01.9] 115/114.9] 04.0 .9] 06.1|} 235/234.9| 08.2|| 295/294.8 
56| 56.0] 02.0] 116/115.9] 04.0 .9| 06.1|| 236/235 .9| 08.2|| 296/295 .8 
57| 57.0] 02.0 .9| 06.2|| 237/236.9] 08.3'| 297/296.8 
58| 58.0] 02.0 178/177.9| 06.2]] 238|237.9| 08.8|| 298|297.8 
59} 59.0! 02.1 179 178.9 06.2|| 239|238.9| 08.3|| 299298.8| 10. 4 
60| 60.0 02.1 180,179.9| 06.3|| 240/239.9] 08.4 


300/299.8) 10.5 
. |\Dist.| Dep. Fs 
For 88 Degrees. 


Dist.| Dep.| Lat. ||Dist.| Dep. | Lat. ||Dist.| Dep.| Lat. |[Dist.| Dep. 


$< 


TABLE II. 19 
Difference of Latitude and Departure for 3 Degrees. 


.| Lat. | Dep. ||Dist.) Lat. | Dep. Dist.| Lat. Dep. \(ist.| Lat. Dep. Dist. Lat. | Dep. 
01.0) 00.1 9) 03.2|| 121|120.8] 06.3|| 181/180.8] 09.5]| 241/240.7, 12.6 
02.0] 00.1 9} 03.2|| 122/121.8] 06.4|| 182/181.8] 09.5!| 242/241.7| 12.7 
03.0, 00.2 9| 03.3]| 123)122.8] 06.4]} 183|182.7|] 09.6|| 243]/242.7] 12.7 
04.0) 00.2 9| 03.3]| 124|123.8) 06.5|| 184|183.7| 09.6]| 244/243.7) 12.8 
05.0} 00.3 9| 03.4|| 125!124.8] 06.5|| 185|184.7| 09.7|] 245'244.7/ 12.8 
06.0} 00.3 9] 03.5|| 126)125.8] 06.6]| 186|185.7} 09.7]| 246/245.7; 12.9 
07.0| 00.4 9| 03.5|| 127/126.8] 06.6]| 187|186.7| 09.8|| 247/246.7| 12.9 
08.0] 00.4 9} 03.6|| 128/127.8] 06.7|| 188|187.7] 09.8} 248/247.7, 13. 
09.0] 00.5 9| 03.6|| 129)128-8] 06.8|| 189|188.7] 09.9]| 249|248.7, 13.0 
10.0] 00.5 9| 03.7|| 130|129.8] U6.8|] 190|189.7} 09.9]| 250/249, ae 13.1 
11.0} 00.6 9} 03.7|} 134/130.8] 06.9|| 191/190.7| 10.0|| 251/250.7! 13.1 
12.0] 00.6 9] 03.8]] 132/131.8] 06.9]| 192/191.7| 10.0]| 252/251.7| 13.2) 
13.0} 00.7 9! 03.8]| 133)132.8] 07.0|| 193}192.7| 10.1]] 253/252.7| 13.2 
14.0] 00.7 9| 03.9]) 134,133.8| 07.0]] 194/193.7] 10.2]| 254|/253.7] 13.3)8 
15.0} 00.8 9| 03.9]} 135/134.8] 07.1]| 195|194.7| 10.2|] 255/254.7] 13.3 
16.0] 00.8 9| 04.0|} 136/135.8] 07.1]| 196]/195.7| 10.3|| 256/255.6] 13.4 
17.0] 00.9 9| 04.0|| 137|136.8] 07.2!) 197|/196.7| 10.3]] 257/256.6| 13.5)I 
18.0| 00.9 9| 04.1|| 138|137.8] 07.2|| 198]/197.7| 10.4]| 258/257 .6) 13.5 
19.0| 01.0 9] 04.1)| 139|138.8] 07.3]] 199/198.7}| 10.4]| 259/258.6] 13.6 
20.0] 01.0 .9| 04.2|| 140/139.8} 07.3]]/ 200/199.7] 10.5]) 26/259.6; 13.6) 
21.0! O1.1 .9} 04.2|| 141)140-8] 07.4|| 201/200.7| 10.5]] 261/260.6] 13.7)8 
22.0) 01.2 .9| 04.3]| 142/141.8] 07.4]] 292/201.7| 10.6]| 262/261 .6| 13.7 
23.0) 01.2 .9| 04.3]| 143/142.8] 07.5]] 203/202.7| 10.6]| 263/262.6] 13.8) 
24.0) OL.3 9| 04.4]} 144|143.8] 07.5]} 204/203.7| 10.7|| 264/263.6] 13.8 
25.0| 01.3 .9| 04.4]| 145|144.8| 07.6]] 205/204.7| 10.7 265|264 .6 13.9} 
26.0) 01.4 .9| 04.5]| 146/145 .8] 07.6]] 206/205.7| 10.8]| 266/265 .6) 13.9 
27.0] 01.4 3.9} 04.6|| 147!146.8] 07.7|| 207/206.7| 10.8]| 2671766.6] 24.uig 
28.0] 01.5 .9| 04.6]| 148/147.8' 07.7 .7| 10.9|| 268|267.6! 14.0 
29.0] 01.5 .9} 04.7]| 149/148.8] 07.8]| 209/208,7} 10.9]| 269|268.6) 14.11} 
30.0] 01.6 .9| 04.7|| 150/149.8] 07.9] 210/209.7| 11.0]] 270/269.6) 14.1 
31.0} 01.6 9] 04.8]] 151|150.8| 07.9 ae ee 11.0}} 271/270.6] 14.2 
32.0] 01.7 9) 04.8]| 152/151.8]| 08.0]! 212/211.7) 11.1]| 272/271.6] 14.2 
33.0} 01.7 .9| 04.9]| 153/152.8] 08.0]] 213/212.7| 11.1]| 273/272.6] 14.3 
34.0] 01.8 3.9) 04.9]} 154/153.8! 08.1]} 214/213.7| 11.2}] 274/273.6/ 14.3) 
35.0} 01.8]| 95] 94.9] 05.0]] 155/154.8) 08.1]] 215/214.7] 11.3]] 275/274.6] 14.4 
36.0] 01.9]} 96] 95.9] 05.0]] 156/155.8| 08.2)| 216/215.7| 11.3]| 276|275.6| 14.4 
36.9] 01.9]} 97] 96.9] 05.11} 157/156.8| 08.2]) 217/216.7} 11.4]} 277|276.6| 14.5 
37.9] 02.0|| 98! 97.9] 05.1]] 158/157.8| 08.3] 218/217.7| 11.4]| 2781277.6] 14.5 
38.9] 02.0]] 99] 98.9] 05.2]| 159|158.8] 08.3]| 219/218.7| 11.5|| 279/278.6! 14.6 
39.9] 02.1|| 100) 99.9] 05.2/| 160/159.8] 08.4]| 220/219.7| 11.5]| 280/279.6| 14.7/§ 
40.9] 02.1]} 101|100.9] 05.3)| 161/160.8) 08.4]| 221/220.7| 11.6]| 281/280.6] 14.7 
41.9] 02.2]} 102/101.9] 05.3]| 162/161.8] 08.5]| 222/221.7| 11.6]| 282]281.6| 14.8 
42.9| 02.3]] 103/102.9] 05.4]] 163/162.8] 08.5]| 223/222.7| 11.7 .6| 14.8) 
43.9| 02.3]| 104/103.9] 05.4]! 164/163.8] 08.6]| 224|223.7] 11.7 .6| 14.9 
44.9] 02 4/| 105/104.9] 05.5]] 165/164.8} 08.6|| 225|224.7| 11.8 .6| 14,9 
45.9] 02.4]] 106/105.9) 05.5]! 166|165.8| 08.7|| 226|225.7] 11.8 .6| 15.0 
| 46.9] 02.5;| 107/106.9] 05.6]| 167|166.8] 08.7]| 227/226.7| 11.9 .6} 15.0 
47 .9| 02.5]| 108/107.9] 05.7]| 168/167.8! 08.8]| 2281227.7. 11.9 .6] 15.1 
48.9| 02.6|| 1091108.9] 05.7|| 169/168.8] 08.8|| 229|228.7| 12.0 .6| 15.1 
49.9} 02.6]| 110109.8] 05.8]] 170/169.8| 08.9]| 230|229.7| 12.0 .6| 15.2 
50.9] 02.7|| 111,119.8] 05.8) 171/170.8] 08.9]] 231/230.7| 12.1 .6| 15. 
51.9] 02.7]| 112/111.8] 05.9|] 172|171.8} 09.0! 232/231.7| 12.1 .6{ 15.3 
52.9| 02.8|| 113|112.8} 05.9]| 173/172.8] 09.1]] 2331232.7| 12.2 .6| 15.3 
53.9] 02.8]| 114)113.8] 06.0]| 174/173.8| 09.1|| 2341233.7| 12.2 .6| 15.4 
54.9] 02.9]| 115/114.8) 06.0]| 175|174.8] 09.2|| 235/234.7] 12.3]| 2951294.6) 15.4 
55.9] 02.9]| 116/115.8] 06.1]| 176/175.8] 09.2|| 236/235.7} 12.4|| 296/295 .6| 15.5]} 

7| 56.9! 03.0|| 117|116.8] 06.1)] 177|176.8] 09.3|| 237|236.7| 12.4|| 297/296.6) 15.5) 

58| 57.9) 03.0]) 118|117.8] 06.2|| 178/177.8! 09.3]] 238/237.7| 12.5|| 298/297.6 15.6 

59| 58.9) 03.1]] 119|118.8! 06.2|| 179/178.8] 09.4]] 239]/238.7| 12.5|} 296/298.6| 15.6] 

60| 59.9] 03.1] 120119.8) 06.3] 180)179.8| 09.4) .240/239.7 12.6)| 300\299.6| 15.7/8 
aI Dep.| Lat. Lat. ||Dist. | Dep. Dep.| I Lat. || Dist. Dep. Lat. Lat, ||Dist. Dep. : 
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101)100. 
102/101. 
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TABLE II. 
Difference of Latitude and Departure for 4 Degrees. 


121)120.7 
122)121.7 
123}122.7 
124|123.7 
125|124.7 
126)125 .7 
127|126.7 
128/127 .7 
129)128.7 
130!129.7 


132|131.7 
133|132.7 
134/133 .7 
135|134.7 
136)135 .7 
1371136.7 
138|137.7 
139|138.7 
140|139.7 


141}140.7 
142!141.7 
143}142.7 
144/143 .6 
145/144 .6 
146|145 .6 
147/146 .6 
148}147 .6 
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241/240 .4 
242/241.4 
243|242.4 
244/243 .4 
245|244.4 
246/245 .4 
247/|246.4 
2481247 .4 
249/248 .4 
250/249 .4 


251|250.4 
2521251.4 
253/252 .4 
254/253 .4 
255|254.4 
256|255 .4 
257\256.4 
258|257 .4 
259/258 ..4 
260/259.4 


261/260. 


270. 
271. 
273/272. 
274/273. 
275|274. 
276|275. 
277(|276. 
278|277. 
279|278. 
280/279. 


281|280.3 
282/281 .3 
283/282. 
284/283. 
285/284. 
286|285. 
287/286. 
288/287 . 
289/288. 
290|289. 
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292|291.3 
293/292. 
294/293. 
295/294, 
296/295. 
297/296. 
298/297. 
299/298. 
300/299, 
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291/290.3| 20.3 
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For 86 Degrees. 


TABLE I. 21 
Difference of Latitude and Departure for 5 Degrees. 


ee -— 


Dist.j Lat. | Dep. Dist. Dep. |/Dist.| Lat. | Dep. |/Dist.| Lat. | Dep. |/Dist.| Lat. | Dep. 
1} 01.0| 00.1/} 61 


0 8) 05.3]} 121/120.5} 10.5]| 181/180.3) 15.8] 241/240.1) 21.0 
02.0) 00.2 8} 05.4!| 122)121.5| 10.6]| 182|181.3) 15.9]| 242/241.1) 21.1 
03.0) 00.3 8} 05 .5}| 123}122.5) 10.7|| 183/182.3] 15.9) 243/242.1| 21.2 
04.0' 00.3 8} 05.6} 124/123.5) 10.8]; 184/183.3] 16.0)| 244/243.1) 21.3 
05 .0| 00.4 8) 05.7|| 125 124.5 10.9|} 185|184.3} 16.1]| 245|244.1) 21.4 
06.0 00.5 7| 05.8}| 126/125.5) 11.0]| 186/185.3] 16.2)) 246)/245.1| 21.4 
07.0; 00.6 7 05.8]/ 127 126:5| 11.11) 187|186.3) 16.3]| 247/246.1) 21.5 
08.0) 00.7 7} 05.9)| 128)127.5; 11.2]) 188)187.3) 16.4] 248/247.1| 21.6 
09.0) 00.8 7} 06.0} 129)128.5} 11.2]] 189)188.3] 16.5]| 249/248.1] 21.7 
10.0) 00.9 -7| 06.1)| ¥380429.5] 11.3]] 190/189.3| 16.6]] 250|249.0) 21.7 
11.0; 01.0|) 71\ 70.7) 06.2|| 131|130.5) 11.4|] 191)190.3) 16.6) 251/250.0) 21.9 
12.0; 01.0) 72) 71.7) 06.3)) 132)131.5| 11.5]| 192)191.3] 16.7]| 252/251.0) 22.0 
13.0) OL.1|| 73) 72.7) 06.4|| 133)132.5| 11.6]| 193)192.3] 16.8!) 253|252.0| 22.1 
13.9] 01.2|| 74) 73.7] 06.4)| 134)133.5) 11.7]| 194/193.3' 16.9]) 254/253 .0| 22.1 
14.9) 01.3)| 75) 74.7) 06.5)| 135/134.5) 11.8]| 195|194.3) 17.0|) 255/254.0) 22.2 

3} 15.9) 01.4)| 76) 75.7) 06.6)| 136)135.5) 11.9]| 196)195.3) 17.1]| 256/255.01 22.3 
16.9] 01.5|| 77| 76.7| 06.7|| 137)136.5) 11.9]| 197|196.3] 17.2]| 2571256.0 4 
17.9| 01.6)| 78) 77.7) 06.8]) 138/137.5}) 12.0]| 198/197.2| 17.3]) 258/257.0 1) 
18.9) OL.7|| 79) 78.7) 06.9]) 139/138.5| 12.1]| 199/F98.2, 17.3]| 259/258.0 6 
19.9) 01.7}; 80) 79.7) 07.0)| 140]/139.5) 12.2|| 200 199.2| 17 .4|| 260/259.0 Py 
20.9) 01.8|| 81| 89.7| 07.1]] 141/140.5| 12.3]| 201/200.2) 17.5|| 261/260.) 22.7 
21.9) O1.9]| 82) 81.7) 07.1)| 142)141.5] 12.4]| 202/201.2) 17.6] 262/261.0 8 
22.9) 02.0]; 83] 82.7) 07.2|) 143/142.5] 12.5]| 203/202.2) 17.7|| 263/262.0 9 
23.9) O2.1]} 84| 83.7| 07.3]| 144/143.5| 12.6 .8|| 264/263 .0 . 0} 
24.9) 02.2)| 85) 84.7| 07.4|| 145|144.4) 12.6 .9|| 265|264.0 1} 

3} 25.9) 02.3)| 86) 85.7) 07.5)] 146/145.4| 12.7 .0}| 266!265 .0 2 
26.9! 02.4]| 87| 86.7| 07.6|| 147|/146.4/ 12.8 .0 2671266 .0 3 
27.9) 02.4 88, 87 .7| 07.7] 148)147.4) 12.9 .1|| 268/267 .0 4 
28.9) 02.5}; 89, 88.7] 07.8]| 149)148.4| 13.0 .2|| 269|268.0} 23.4 
29.9) 02.6]| 90) 89.7) 07.8]! 150)149.4| 13.1 .3|| 270|269.0) 23.5 
30.9! 02.7|| 91) 90.7! 07.9) 151|150.4 2 18.4|| 271|270.0) 23.6 
31.9) 02.8}; 92 a 08.0|| 152/151.4 2 18.5|| 272/271.0| 23.7 
32.9; 02.9]| 93) 92.6! 08.1]| 153)152.4 3 18 .6]| 273/272.0) 23.8 
33.9] 03.0)} 94) 93.6) 08.2!) 154/153.4 A 18.7|| 274/273 23.9 
34.9} 03.1]} 95) 94.6) 08.3]| 155|154.4 5 18.7|| 275|274.0) 24.0 
35.9] 03.1), 96] 95.6) 08.4/| 156)155.4 6 18.8]| 276|274 24.1 
36.9) 03.2)| 97) 96.6) 08.5]| 157|156.4 my 18.9|| 277\275.9| 24.1 
37.9) 03.3!| 98) 97.6) 08 5|] 158/157.4 8 19.0|| 278|276.9) 24.2 
38.9] 03.4|| 99) 98.6) 08.6/| 159)158.4 aa 19.1]| 279|277.9| 24.3 
39.8} 03.5]; 100} 99.6) 08.7|| 160/159.4 2 19.2!) 280|278.9) 24.4 
40.8) 03.6]| 101/100.6| 08.S!| 161|160.4| 14.0 19.3|| 281|279.9) 24.5 
41.8) 03.7|| 102|101.6} 08.9|| 162/161.4 19.3} 282\280.9; 24.6 
42.8} 03.7|| 103)102.6| 09.0]] 163/162.4 19.4|| 283;281.9) 24.7 
43.8) 03.8|| 104)103.6) 09.1]| 164/163.4 19.5|| 284)282.9) 24.8 
44.8} 03.9]| 105)104.6) 09.2|| 165|164.4 19.6|| 285/283 .9) 24.8 
45.8} 04.0]| 106/105 .6] 09.2] 166)165.4 -7|| 286/284 .9} 24.9 
46.8) 04.1;} 107|106.6) 09.3] 167|166.4 *8|| 287/285 .9| 25.0 
47.8] 04.2|} 108)107.6] 09.4|| 168/167.4 .9]|| 288/286.9) 25.1 
48.8} 04.3]} 109/108.@ 09.5]| 169|168.4 .0)| 289|287.9) 25.2 
49.8| 04.4]; 110 109.6 09.6]; 170)169.4 ‘ .0}| 290/288 .9} 25.3 
50.8) 04.4|| 111/110.6) 09.7] 171/170.3| 14.9 -1|| 291/289.91 25.4 
51,8| O4.5)) 112/111.6] 09.8) 172)171.3] 15.0 .2|| 292|290.9) 25.4 

| 52.8] 04.6]; 113/112.6) 09.8) 173|172.3) 15.1 -3|| 293|291 .91 25.5 

) 53.8) 04.7)| 114)113.6} 09.9]| 174/173.3] 15.2 .4|) 294|292 9! 25.6 

> §4.8/ 04.8]] 115]114.6) 10.0 175\174.3 15.3 ‘5 295/293 .9| 25.7 
55.8} 04.9)| 116)115.6) 10.1!) 176)175.3] 15.3 6) 296'294.9} 25.8 
56.8) 05.0)| 117|116.6) 10.2]| 177/176.3! 15.4)]) 237/236.1| 20.7 297/295 .9| 25.9 
57.8} O5.1]] 118)117.6| 10.3)| 178)177.3] 15.5]| 238|237.1) 20.7}} 298)296.9 26.0) 
58.8] 05.1|| 119/118.5! 10.4]| 179|178.3| 15.6]| 239/238.1] 20.8|| 299|297.9 26.4) 
59.8} 05.2)/| 120/119.5| 10.5!) 180)179.3] 15.7)| 240/239.1] 20.9] 300/298.9| 26.1 

ist. Dep. | Lat. ||Dist.; Dep.| Lat. Dist.j Dep.| Lat. |Dist. Dep. | Lat. ||Dist. Dep. | Laf. ! 


For 85 Degrees. | 


22 TABLE II. 
Difference of Latitude and Departure for 6 Degrees. 


Dist.| Lat. | Dep. Dist. Lat. Dep. ||Dist.| Lat. | Dep. || Dist. Lat. | Dep. || Dist. Lat. 
1| 01.0] 00.1 .4|| 121/120.3| 12.6]) 181/180.0| 18.9 
2| 08:9 00.2 .5|| 122/121.3) 12.8]) 182|181.0] 19.0 
3: 03.0] 00.3 .6|| 123/122.3] 12.9] 183/182.0] 19.1 
4) 04.0, 00.4 .7|| 124|123.3] 13.0] 184]183.0| 19.2 
5 05.0 00.5 .8|| 125|124.3] 13.1] 185|184.0] 19.3 
6 06.0, 00.6 .9|| 126/125 .3} 13.2]] 186/185.0] 19.4 
7 07.0) 00.7 .0|| 127|126.3} 13.3]] 187|186.0| 19.5 
8 08.0] 00.8 -1|| 128/127.3] 13.4]] 188|187.0| 19.7 
9: 09.0} 00.9 .2|| 129/148.3] 13.5]] 189|188.0) 19.8 
10| 09.9] 01.0 .3|| 130/129.3] 13.6] 190|189.0] 19.9 
11 10.9} 01.1 -4l| 131|130.3| 13.7]] 191|190.0| 20.0 
12| 11.9} 01.3 .5|| 132/131.3] 13.8]} 192|190.9] 20.1 j 
13, 12.9] 01.4 .6|| 133|/132.3] 13.9]| 193/191.9] 20.2|| 253/251. 
14| 13.9] 01.5 .7|| 134/133.3] 14.0] 1941192.9] 20.3]) 254/252. 
15| 14.9] 01.6 .8|| 135/134.3} 14.1]! 195|193.9| 20.4]] 255/253. 
16) 15.9) 01.7 .9]| 136/135 .3] 14.2]! 196]194.9] 20.5]| 256/254. 
17| 16.9) 01.8 .O|| 137|136.2] 14.3]| 197|195.9] 20.6]| 257/255. 
18} 17.9] 01.9 -2|| 138)137.2] 14.4|| 198/196.9| 20.7) 258/256. 
19| 18.9! 02.0 .3|| 139/138 .2| 14.5]] 199/197.9| 20.8]| 259/257. 
20 19.9 02.1 -4j] 140/139.2] 14.6|| 200|198.9| 20.9|| 260/258 .6 
9! 02.2 .5|| 141440-2| 14.7|| 201|199.9] 21.0|| 261|259.6 
.22| 21.9] 02.3 .6]| 142/141 .2} 14.8]| 202/20.9) 21.1]| 262/260. 
23! 22.9] 02.4 -7|| 143]142.2} 14.9]| 203/201.9| 21.2|| 263/261. 
24: 23.9) 02.5 -8|| 144/143 .2) 15.1|| 204/202.9] 21.3!) 264/262. 
25| 24.9] 02.6 9 2} 15.2|| 205/203.9| 21.4]) 265/263. 
26| 25.9] 02.7 .0 2) 15.3]) 206|204.9} 21.5 
27| 26.9] 02.8 1 2' 15.4/| 2071205 .9| 21.6 
28| 27.8] 02.9 2 .5|| 208)206.9] 21.7 
29| 28.8] 03.0 A .6|| 209|207.9| 21.8 
30] 29.8] 63.1 4 -7|| 210/208.8| 22.0 
31) 30.8] 03.2 5 .8|| 211/209.8} 22.1 5 
32} 31.8] 03.3 .6]} .9|| 212/210.8] 22.2 5 
33, 32.8! 03.4 er .0]| 213/211.8] 22.3 5 
34 sa 03.6 8 .1]| 214/212.8] 22.4 5 
35| 34.8! 03.7 9 .2]| 215/213.8| 22.5 5 
36 B38 03.8 .0 .3|| 216/214.8] 22.6 4.5 
37; 36.8] 03.9 1 4} 217/215.8] 22.7 5 
38] 37.8] 04.0 i2 16.5|| 218/216.8| 22.8 5.5 
39| 38.8} 04.1 3 16.6|| 219/217.8| 22.9 5 
40| 39.8] 04.2 5 16.7|| 220|218.8] 23.0 5 
41] 40.8] 04.3 To1|\t00.4| 10.6 16.8]/ 221/219.8) 23.1|| 281/279.5 
42| 41.8] 04.4]] 102/101.4 10.7 .1| 16.9]] 222/220.8] 23.2 5 
43) 42.8] 04.5|} 103)102.4, 10.8]) 163 162.1] 17.0 .8| 23.3 4 
44| 43.8] 04.6]] 104/103.4| 10.9]} 164:163.1] 17.1 .8| 23.4 4 
45| 44.8] 04.7|| 105|104.4] 11.0]] 165/164.1] 17.2 8} 23.5 4 
46) 45.7| 04.8] 106/105.4) 11.1]} 166/£65.1] 17.4 .8} 23.6 4.4 
47| 46.7| 04.9]] 107|106.4| 11.2|| 167/166.1| 17.5 .8] 23.7 .4 
48| 47.7] 05.0]| 108/107. .3|| 168]167.1] 17.6 .8| 23.8 .4 
49| 48.7| 05.1]| 109|108.4| 11.4|| 169]168.1] 17.7 ti <2ae 4 
50| 49.7| 65.2]| 110/109. .5|| 170|169.1] 17.8 .7| 24.0 4 
51| 50.7; 05.3|| 111/110.4] 11.6|| 171/170.1| 17.9 7 -B45A 4 
52) 51.7| 05.4|} 112/111. .7|| 172|171.1] 18.0 .7| 24.3 4 
53] 52.7| 05.5|| 113/112. .8|| 173]172.1] 18.1 .7| 24.4 4 
54° 53.7 05.6]] 114/113. .9|| 174|173.0) 18.2 7) 24.5 4 
56 54.7, 05.7|| 115|114.4] 12.0]] 175]174.0) 18.3 .7| 24.6 4 
56 55.7} 05.9]| 116/115.4| 12.1]] 176/175.0] 18.4 .7| 24.7 4 
57. 56.7| 06.0|| 117)116.4| 12.2}| 177|176.0} 18.5 .7| 24.8 4 
58! 57.7| 06.1|| 118/117.4) 12.3|| 178|177.0} 18.6 .7| 24.9 3.4 
59, 58.7| 06.2]| 119]/118.3] 12.4|| 179|178.0] 18.7 .7| 25.0 4 
60] 59.7} 06.3}| 120)119.3] 12.5]] 180|179.0| 18.8}) 240/238.7) 25.1 4 
Dist.| Dep.| Lat. list Dep.| Lat. Dist. Dep. | Lat. ||Dist.| Dep. “Lat. Ss Dep.| Lat. 


For 84 Degrees. 


————— ee ee 


TABLE II. 23 
Difference of Latitude and Departure for 7 Degrees. 


.| Lat. | Dep. |/Dist.| Lat. Dep. ||Dist. Lat. | Dep. ||Dist.| Tat. | Men. 
Ai] 5} 07.4|| 121/120.1] 14.7|| 181]179.7| 22.1 “Baif2s9.2 2 29.4) 
32 .5| 07.6] 122/121.1 182|180.6) 22.2|| 242/240.2) 29.5/} 
4 2.5{ 07.7|| 123|122.1 183]181.6| 22.3|| 243/241.2 296 
5 .5| 07.8|| 124|123.1 184/182 .6| 22.4] 244/242.2, 29.7]| 
6 .5| 07.9|| 125)124.1 185|183 .6| 22.5|] 245|243.2) 29.9 
$7 .5| 08.0|| 126]125.1 186|184.6| 22.7|] 246/244.2] 30.0 
9 .5| 08.2|| 127/126.1 187|185 .6| 22.8]| 247/245.2] 30.1 
.0 .5| 08.3] 128]127.0 188]186 .6| 22.9|] 248/246.2] 30.2 
1 .5| 08.4|| 129/128 .0 189/187 .6| 23.0|| 249/247.1] 30.3 
2 .5| 08.5|| 130/129.0 190/188 .6| 23.2|] 250/248.1} 30.5 
3 .5| 08.7]] 131]130.0 .6| 23.3]| 251/249.1| 30.6 
5 .5| 08.8]] 132]131.0 .6| 23.4] 252/259.1] 30.7 
6 .5| 08.9|] 133/132.0 .6| 23.5]| 253'251.1} 30.8) 
7 .4| 09.0 .0 .6| 23.6]| 254)252.1] 31.0 
8 41 09.1 .0 .5| 23.8]| 255]253.1| 31.1 
9 .4| 09.3 .0 .5| 23.9]| 256|254.1] 31.2 
a .4| 09.4 .0 .5| 24.0]| 257/255.1] 31.3 
2.2 4| 09.5 .0 .5| 24.1] 258/256.1} 31.4] 
3 .4| 09.6 .0 c .5| 24.3]| 259/257.1] 31.6 
4 .4| 09.7 .0 200)198 .5 .4|| 260/258.1] 31.7 
6 .4| 09.9]) 1411139.9 201/199 .5| 24.5]] 261/259.1] 31.5 
78 .4| 10.0|] 142|140.9 202|200.5| 24.6]] 262/260.0] 31.9 
2.8 4) 10.1]] 143/141.9 203/201 .5| 24.7]| 2631261.0| 32.1 
2.9 3.4| 10.2]| 144/142.9 204/202.5| 24.9]] 264|262.0) 32.2 
3.0 4} 10.4|| 145]143.9} 17.7]} 205/203.5] 25.0]! 265/263 .0| 32.3 
2 4] 10.5]] 146|144.9| 17.8|| 206/204.5! 25.1]| 266/264.0) 32.4 
‘4 3.4] 10.6|] 147/145 .9) 17.9]] 207/205.5); 25.2|| 267/265.0| 32.5 
4 .3| 10.7|] 148/146.9 208|206.4| 25.3]] 268)266.0| 32.7 
8 .8| 10.8]] 149|147.9, 209|207 .4| 25.5]] 269/267 .0} 32.5 
3.7 .3} 11.0] 150/148.9 210/208 .4| 25.6/] 270/268.0] 32.9); 
8 3 151/149.9 211/209.4| 25.7|| 271/269.0) 33.0 
9 3 152/150.9 212/210.4| 25.8|| 272/270.0) 33.1 
.0 3 153/151.9 213/211.4] 26.0]! 273/271.0] 33.3 
4 3.3 154/152.9 214/212.4| 26.1]] 274|272.0] 33.4 
3 3 155|153.8 215/213.4] 26.2/| 275/273.0] 33.5 
.4 5.3 156|154.8] 19.0|) 216/214.4] 26.3|| 276|273.9| 33.6 
15 3 157|155.8] 19.11} 217/215.4| 26.4|| 277/274.9] 33.8 
6 158|156.8] 19.3|| 218/216.4| 26.6]| 278!275.9| 33.9 
.8 159|157.8] 19.4|| 2191217.4| 26.7|| 279/276.9| 34.0 
9 160/158.8} 19.5|| 220/218.4] 26.8|| 280/277.9] 34.1 
.0 .3|| 161/159.8| 19.6|| 221/219. 4] 26.9] 281/278.9| 34.2) 
4 2.4|| 162/160.8] 19.7|| 222/220.3] 27.1]| 282/279.9] 34.4 
5.2 .6|| 163]161.8} 19.9]] 223/221.3] 27.2]| 283/280.9] 34.5 
5.4 -7|| 164/162.8) 20.0)| 224/222.3) 27.3)| 284/251.9) 34.6) 
25 2.8]| 165|163.8| 20.1]| 225/223 .3] 27.4/| 285/282.9) 34.7 
6 2.9]) 166/164.8] 20.2|| 226/224.3] 27.5/| 286/283.9] 34.9 
7 .0|| 167/165 .8} 20.4|| 227/225 .3] 27.7/| 287/284.9) 35.0 
8 .2|| 168/166.7| 20.5] 228/226.3| 27.8|| 288/285.9] 35.1 
.0 .2| 13.3]| 169}167.7) 20.6]|| 229|/227.3] 27.9|| 289/286.8} 35.2 
.1]] 110/109.2} 13.4|| 170/168.7| 20.7 sa 28 .0|| 290)287 .8| 35.3 
.2|| 111/110.2| 13.5|| 171|169.7| 20.8]| 231/229.3] 28.2]] 291/288.8) 35.5 
-3]] 112/111.2) 13.6] 172/170.7] 21.0]) 232|230.3) 28.3]| 292/289.8 35.6 
.5|| 113/112.2) 13.8|| 173|171.7| 21.1]] 233/231.3] 28.4]/ 293/290.8] 35.7)} 
.6|| 114|113.2] 13.9]| 174/172.7} 21.2|] 234)232.3] 28.5]] 294/291.8) 35.8 
-7|| 115|114.1) 14.0]] 175|173.7| 21.3]] 285/233 .2] 28.6|/ 295!292.5] 36.0)| 
.8|} 116/115.1| 14.1]| 176|174.7] 21.4]! 236/234.2) 28.8]| 296/293.8| 36.1 
-9|| 117|116.1) 14.3]| 177/175.7| 21.6 240 28 .9|| 297\294.8) 36.2 
.1|| 118}117.1] 14.4|| 178/176.7| 21.7]] 238/236.2) 29.0]| 298/295.8 36.3 
.2}| 119/118.1]) 14.5]| 179/177.7| 21.8]| 239,237 .2] 29.1]| 299/296.8 46.4 
.3{] 120/119.1] 24.6|| 180)178.7| 21.9]| 240|238.2] 29.2/| 300/297 .8) 36.6 
. |Dist.| Dep.| Lat. ||Dist.| Dep.| Lat. ||Dist.| Dep.| Lat. ||Dist.| Dep.| Lat. 


For 83 Degrees. 
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Dist] Lat. Dep. ||Dist.} Lat. | Dep. |/Dist.| Lat. | Dep. ||Dist.| Lat. | Dep. ||Dist.| Lat. | Dep. 


1} 01.0 
2) 02.0 
3} 03.0 
4; 04 0 
5) 06.0 
6) 05.9 
7| 06.9 
8} 07.9 
9| 68.9 
10) 09.9 


| | I |) ——_ | 
0 eee — 


00.1|| 61| 60.4 8 
00.3|| 62] 61.4 8 
00.4|| 63] 62.4 8 
00.6|| 64] 63.4 8 
00.7|| 65) 64.4 8 
00.8|| 66] 65.4 8 
01.0]| 67] 66.3 8 
01.1|| 68] 67.3 8 
01.3/| 69] 68.3 7 
01.4|| 70] 69.3 7 
01.5|| 71| 70.3 131/129.7 
01.7|| 72] 71.3 132/130.7 
01.8!| 73] 72.3 133|131.7 
01.9|| 74] 73.3] 10.3]! 1341132.7 
02.1|| 75| 74.3| 10.4|| 1351133.7 
02.2\| 76] 75.3] 10.6|| 136|134.7 
02.4||. 77| 76.3] 10.7] 137.135 .7 
02.5|| 78] 77.2] 10.9]| 138/136.7 
02.6|| 79] 78.2] 11.0'| 139/137.7 
02.8|| 80] 79.2) 11.1] 140/138.6 
02.9|| 81| 80.2) 11.3/] 141/139.6 
03.1|| 82) 81.2| 11.4]] 142/140°6 
03.2|| 83} 82.2] 11.6]| 143/141.6 
03.3|| 84! 83.2] 11.7]| 144/142.6 
03.5|| 985} 84.2] 11.8]| 145/143.6 
03.6] 86] 85.2) 12.0] 1461144.6 
03.8|| 87] 86.2] 12.11] 147/145.6 
03.9|| 88} 87.11 12.2]] 148/146.6 
04.0|| 89] 88.1] 12.4|| 149/147.5 
04.2|| 90) 89.1] 12.5]] 150/148.5 
.3\| 91] 90.1] 12.7]] 151/149.5 
5] 92] 91.1] 12.8]] 1521150.5 
6] 93] 92.1] 12.9]] 153/151.5 
7} 94) 93.4| 13.1]} 154/152.5 
.9|| 95] 94.1! 13.21] 1551153.5 
Ol] 96] 95.1] 13.4]] 156/154.5 
1] 97] 96.1] 13.5]] 157|155.5 
.3l| 98] 97.0] 13.61] 158]156.5 
41 99] 98.0| 13.8]] 159]157.5 
.6|| 100] 99.0! 13.91] 160/158.4 
-7|| 101|100.0| 14.1|| 161|159.4 
.8|| 102)101.0] 14.2]] 162/160.4 
.0|| 103\102.0| 14.3]] 163/161.4 
.1|} 104/103.0] 14.5]| 164]162.4 
.3|| 105/104.0| 14.6]| 1651163.4 
.4|| 106)105.0| 14.8]| 166)164.4 
.5|| 107|106.0| 14.9]| 167|165.4 
.7|| 108/106 9| 15.0] 1681166.4 
.8|| 109/107.9] 15.2] 169]167.4 
.0|| 110/108.9} 15.3]] 170/168.3 
asty -1|| 111/109.9| 15.4|| 171/169.3 
.2|| 112/110.9} 15.6]] 172/170.3 
.4|| 113/111.9| 15.7]] 173|171.3 
.5\| 114/112.9] 15.9]] 174|172.3 
.7|| 1151113.9] 16.0]] 175|173.3 
07.8|| 116/114.9| 16.1]| 176|174.3 
07.9]| 117|115.9| 16.3] 177|175.3 
.1]| 118/116.9! 16.4]| 178/176.3 
08.2|| 1191117.8] 16.6] 179/177.3 
08.4 8 7 178.2 


Dist.| Dep.| Lat. 


— 


TABLE II. 
Difference of Latitude and Departure for 8 Degrees. 


120)118.8] 16.7|| 1380 
Dist.| Dep. | Lat. || Dist. 


Dep.| Lat. ||Dist.| Dep.| Lat. 


16.8]} 181/179. 


bD BO HD AD BO DO-tO 
WIVUAAS 
OR wmMODNS 


220|217 .9 
22.4/| 221/218.8 

22.5}| 222)219.8 
22.7/| 223/220.8 


224/221 .8 


24.9 
25.1 


For 82 Degrees. 


Dist. 


OanNIaarh WN = 


——— | ————————— — }] ——_—___——__} | 


Or 


pra PAR RAMAA 


ecocoocococeceo 


4.5)) QI 
5.01} 92 
3.2), 93 
5.3]| 94 
3.5}} 95 
5.6)| 96 
5.8]) 97 
5.9]} 98 
6.1) 99 
6.3)| 100 
06.4]; 101 
06 .6 
06.7 
06.9 
07.0 
07 .2 
07.4 
07.9 
07.7 
07.8 


TABLE II. 


Difference of Latitude and Departure for 9 Degrees. 


Lat. | Dep. || Dist.| Lat. | Dep. 


00.2)} 61) 60 
00.3|} 62) 61 
00.5)| 63) 62 
00.6} 64) 63 
00.8]} 65) 64 
00.9\| 66) 65 
O1.1]| 67| 66 
01.3|| 68] 67 
01.4)| 69) 68 
01.6|| 70) 69 
01.7|| 71) 70 
01.9)| 72) 71 
02.0)| 73) 72 
02.2|| 74) 73 
02.3)| 75) 74 
02.5)| 76) 75 
02.7|| 77| 76 
02.8]| 78] 77 
03.0|| 79) 78 
03.1\} 80] 79 


RH CHORWHS 


OSS Se el et et et 


YUN UUNUN Dl DODDDD~Owoose 


-2; 09.5]| 121/119.5| 18.9 
-2| 09.7), 122/120.5| 19.1 
-2} 09.9)) 123)121.5| 19.2 
-2| 10.0) 124/122.5) 19.4 
-2} 10.2)| 125/123.5| 19.6 
-2| 10.3|} 126)124.4| 19.7 
-2| 10.5]| 127/125.4) 19.9 
-2| 10.6/| 128/126.4| 20.0 
.2| 10.8]| 129)127.4] 20.2 
1| 11.0}} 130)128.4| 20.3 
-1j| 131)129.4) 20.5 

.3|| 132)130.4| 20.6 

-4|| 133)131.4} 20.8 

-6]| 134/132.4] 21.0 

-7|| 135)133.3] 21.1 

-9}} 136)134.3} 21.3 

-O}| 137/135 .3} 21.4 

.2|| 1$8)136.3) 21.6 

-4]| 139)137.3) 21.7 

-5|| 140/138 .3} 21.9 

0; -7|| 141|139.3) 22.1 
0 -8]| 142/140 .3| 22.2 
0 -O}] 143)141.2| 22.4 
0 -1}] 144|142.2) 22.5 
0 .3}| 145/143 .2| 22.7 
sD -5|| 146)144.2) 22.8 
9 -6]| 147|145 .2} 23.0 
9 -8]| 148}146.2) 23.2 
9 -9]| 149]147.2]) 23.3 
9 -1|| 150/148.2]) 23.5 
14.2)| 151/149.1| 23.6 
14.4)| 152/150.1] 23.8 
14.5]) 153|151.1| 23.9 
14.7|| 154|152.1) 24.1 
14.9] 155|153.1| 24.2 
15.0)| 156)154.1) 24.4 
15.2]| 157|155.1) 24.6 
15.3}| 158)156.1| 24.7 
15.5]| 159|157.0} 24.9 

15 .6)} 160|158.0} 25.0 

-8!| 161|159.0) 25.2 
162/160.0} 25.3 
163)161.0) 25.5 
164|162.0| 25.7 

165/163 .0) 25.8 
166/164.0| 26.0 
167|164.9| 26.1 

168/165 .9} 26.3 
169|166.9| 26.4 

170\167 .9| 26.6 
171|168.9| 26.8 
172|169.9} 26.9 
173|170.9) 27.1 

174/171 .9) 27.2 
175|172.8| 27.4 

176/173 .8; 27.5 
177|174.8| 27.7 

178)175 .8] 27.8 
179)176.8; 28.0 

180|177 .8] 28.2 


182)179.8 
183)180.7 
184|181.7 
185|152.7 
186)183 .7 
187|184.7 
188|185 .7 
189|186.7 
190)187 7 


1911188 .6 
192|189 .6 
193/190 .6 
194/191 .6 
195}192.6 
196/193 .6 
197/194 .6 
198/195 .6 
199|196.5 
200|197 . 5, 


28. 
28. 


28 


28. 


28 


29. 
29. 
29. 
29. 
29. 
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29. 
30. 
30. 
30. 
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30 


30. 
31. 
31. 
31. 


YO awe ODONw 


wWmMOoMNoOwnNes 


Dist.| Lat. Dep. |[Dist. Lat. | Dep. ||Dist.| Lat. | Dep. 
181]178.8 


ee) ee ee eee 


201/198 .5 
202)199.5 
203/200 .5 
204/201 .5 
205/202 .5 
206/203 .5 
207|204.5 
208/205 .4 
209)206 .4 
210/207 .4 


211/208.4 
212/209.4 
213/210.4 


214/211.4) 33. 
215)212.4| 33. 


216/213. 
2171214. 
218/215. 


219/216.3) 34. 
220/217 .3| 34. 


221|218. 
* 222/219. 
223/220. 
224/221. 
225/222. 
226|223. 
227\224. 
228/225. 
229/226. 
230/227 . 


228. 
229. 


Sb bh bh hw wh Ow & 


31 


31. 
31. 
31. 
32. 
32. 


SHNIABNOOVIOmRWROMDAUNWNSO 


Ah HODRORWH 


For 81 Degrees. 


8.0) 37.7 
.0| 37.9 
.0| 38.0 
.0) 38.2 
.0! 38.3 
.0| 38.5 
.0] 38.6 
.9] 38.8 
.9| 39.0 
.9| 39.1 
.9| 39.3 
.9| 39.4 
.9| 39.6 
.9|. 39.7 
.9| 39.9 
.8| 40.0 
.8| 40.2 
.8| 40.4 
.8| 40.5 
5.8] 40.7 
261/257.8} 40.8 
262|258.8] 41.0 
263/259.8] 41.1 
264|260.7| 41.3 
265|261.7| 41.5 
266/262.7| 41.6 
267|263.7| 41.5 
268/264.7| 41.9 
269|265.7| 42.1 
270/266.7| 42.2 
271|267.7| 42.4 
272/268.7| 42.6 
273|269.7| 42.715 
274|270.6] 42.9 
275|271.6! 43.0 
276|272.6] 43. 
277|273.6 
273/274 .6 
278/275 .6 
280/276.6 
281/277 .5 
282|278 .5 
283|279.5 
2841280 .5 
285|281.5 
286|282 .5 
287|283 .5 
288/284 .5 
289/285.4 
290/286 .4 
291/287 .4 
292/288 .4 
2931289.4 
294|290.4 
295|291.4 
296/292 .4 
297|293.4 
295/294 .3 
299/295 .3 
300/296 .3 


TABLE II. 
Difference of Latitude and Departure for 10 Degrees. 


Lat. | Dep. ie: Lat. i it Dist.| Lat. | Dep. ||Dist.| Lat. | Dep. |Dist.| Lat. | Dep. 


2 61l 60. 121/119.2 181|178.3 241/237.3: 41.8 
122/120.1| 21.2I] 182]/179.2 ; 
123/121.1 183/180.2 
124|122.1 
125/123.1 
126/124.1 
127|125. 
128/126.1 
129/127 .0 
130/128.0 
131/129.0 


132/130.0 
133|131.0 
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3.6 
3.8 
0 
-2 
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160}157. 
161/158 .6 


mMOWDORN mm 


110/108. 


"111/109 .3) 
112/110. 
113}111. 
114/112. 
115)113. 
116)114. 
117/115. 
118/116. 
119}117. 


171|168.4) 29.7 

172|169.4| 29.9 

173|170.4; 30.0 

174/174.4| 30.2 

175|172.3} 30.4 

176/173 .3| 30.6 

177|174.3) 30.7 

178/175 .3| 30.9 ‘ 

179/176.3| 31.1 235. -5|| 299/294 .5) 51.9 
180}177 .3| 31.3)| 2. ; -7|| 300)295 .4) 52.1 


120/118 
= Dep.| Lat. ||Dist.| Dep. | Lat. ||Dist.| Dep.| Lat. ||Dist.) Dep.| Lat. ||Dist.| Dep.! Lat. 
For 80 Degrees. 
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TABLE II. 27 
Difference of Latitude and Departure for 11 Degrees. 


Dist.| Lat. | Dep. ||Dist.j/ Lat. ’ Dep. 


121}118.8 -1j| 181)/177.7 
122)119. 182)178.7 
123)120. 183/179. 
124)121. 184)180. 
125)122. 185)181. 
126|123. 
127|124. 
128/125. 
129}126. 


246|241.5| 46. 
247|242.5| 47. 
2481243 .4| 47. 
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250/245 .4| 47. 
251|246.4| 47. 
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254|249.3] 48. 

2551250.3| 48. 

256|251.3| 48. 

257|252.31 49. 

258|253.3! 49. 

.0|| 259/254.2] 49. 

140|137.4| 26. .2\| 260/255 .2) 49. 

141|138.4 261|256.2| 49.8 

262/257 .2| 50.0 
263|258.2 
264|259.1 
265|260.1 
266|261.1 
267/262 .1 
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231|226.8 
2321227 .7 
233|228.7 
234|229.7 
235|230.7 
236|231.7 
237|232.6 
238|233 .6 
239|234 .6 
240!235 .6 
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For 79 Degrees. 


28 TABLE I. 
Difference of Latitude and Departure for 12 Degrees. 


181/177.0| 37. 
182|178.0| 37. 
183|179.0) 38. 
184/180.0) 38. 
185/181.0 
186|181 9 
187|182 .9 
188|}183 .9 
189/184.9 
190/185 .8 
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150/146. 


“151|147.7 
152/148. 
153|149. 
154|150. 
165|151. 
156|152. 
157|153. 
158154. 
159155. 
160)156. 


“61/157 .5 
162)158. 
163|159. 
164/160. 
165/161. 
166|162. 
167/163. 
168|164. 
169/165. 
170|166. 


171/167 .3 
172/168. 
173|169. 
174)170. 
175171. 
176|172. 
177}173. 
178174. 
179)175. 
180/176. 
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220/215. 


~$21/216.2 
222|217. 
223/218. 
224/219. 
225/220. 
226/221. 
227|222. 
228/223. 
229/224, 
230/225. 


scencaeens 
CSc SC CS = = = Ht = bh 


powonrowe 


293/286 .6 
294/287. 

295/288 .6 
296)289.5 
297/290 .5 
298/291 .5 
299|292 .5 
300/293 .4 
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| For 78 Degrees. 


| TABLE I. 29 
Difference of Latitude and Departure for 13 Degrees. 


Dist. Lat. | Dep. ||Dist.) Lat. | Dep. ||Dist.| Lat. | Dep. | 


Dist.| Lat. | Dep. ||Dist.| Lat. | Dep. 
1| 01.0| 00.2 59.4| 13.7|| 121|117.9] 27.2 ~241(234.8| 54.2 
2} 01.9] 00.4 60.4) 13.9|| 122/118.9| 27.4 2421235.8| 54.41] 
31 02.9] 00.7 61.4] 14.2|| 123/119.8] 27.7 243|236.8| 54.7 
4! 03.9! 00.9 62.4] 14.4]] 124]120.8| 27.9 244|237.7| 54.9 
5 1 63.3] 14.6]] 125/121.8} 28.1 245|238.7 55.1 
6 ‘2 64.3] 14.8]] 126/122.8] 28.3 246/239.7 75.3 
7 6 65.3| 15.1]| 127|123.7| 28.6 247|240.7| 55.6 
8 .8 66.3| 15.3]| 128|124.7| 28.8 248|241.6' 55.8 
9 0 67.2] 15.5|] 129|125.7| 29.0 249/242.6] 56.0 
10 .2 68.2] 15.7|] 130/126.7] 29.2 250/243.6| 56.2 
02.5 69.2| 16.0) 131|127.6| 29.5 251/244.6| 56.5 
7. 02.7 70.2| 16.2|} 132)128.6] 29.7 252/245 .5| 56.7 
: 9 71.1) 16.4|| 133/129.6] 29.9 253/246.5| 56. 
: | 72.1| 16.6|] 134]130.6) 30.1 254|247 .5| 57.1 
.6| 03.4 73.1] 16.9]| 135/131.5| 30.4 255|248.5] 57.4 
‘ 6 74.1| 17.1]] 136/132.5| 30.6 256|249.4| 57.6 
; 8 75.0| 17.3|| 137|133.5| 30.8 257|250.4| 57.8 
' .0 76.0| 17.5]] 138/134.5] 31.0 2581251.4| 58.0 
A 5a 77.0) 17.8]] 139/135.4] 31.3 259/252.4| 58.3 
; 5 77.91 18.0|| 440|136.4| 31.5 260/253 .3] 58.5 
21; 20.5| 04°7 ~78.9| 18.2|| 141/137.4| 31.7 261/254.3| 58.7 
2} 21.4] 04.9 79.9| 18.4]| 142/138.4] 31.9 262/255.3| 58.9 
93| 22.4] 05.2 80.9] 15.7|| 143/139.3] 32.2 263/256.3| 59.2 
24| 23.4| 05.4 81.8] 18.9'| 144/140.3] 32.4 2641257 .2| 59.4 
25| 24.4] 05.6 82.8] 19.1]] 145/141.3] 32.6 265|258.2| 59.6 
26; 25.3] 05.8 83.8] 19.3|| 146/142.3] 32.8 266|259 2} 59.8 
21| 26.3) 06.1 84.8! 19.6|| 147/143.2] 33.1 267|260.2| 60.1 
28) 27.3) 06.3 85.7| 19.8]] 148|144.2| 33.3 268/261.1| 60.3 
29) 28,3) 06.5 86.7| 20.0|| 149|145.2] 33.5 269/262.1| 60.5 
30| 29.2! 06.7 87.7| 20.2i} 150/146.2|] 33.7 4.6; 47.2|| 270/263.1] 60.7 
31| 30.2| 07.0 88.7! 20.5]] 151/147.1| 34.0 ’ 2264.1 
32| 31.2) 07.2 89.6] 20.7|| 152|148.1' 34.2 ¢ .7|| 272/265 .0 
33| 32.2! 07.4 90.6) 20.9]] 153/149.1] 34.4 273|266 .0; 
3 38.1 07.6 91.6} 21.1]] 154)150.1] 34.6 274/267 .0 
35| 34.1) 07.9 92.6) 21.4]) 155|151.0; 34.9 275/268 .0 
36| 35.1| 08.1 93.5] 21.6] 156)152.0] 35.1 268.9 
37| 36.1) 08.3 94.5] 21.8]| 157|/153.0] 35.3 9 
38! 37.0] 08.5 95.5| 22.0|| 158/154.0] 35.5 9 
39] 38.0] 03.8 96.5} 22.3]] 159/154.9] 35.8 8 
40| 39.0] 09.0 97.4] 22.5|| 160|155.9] 36.0 8 
ii 39.9| 09.2 98.4] 22.7|| 161/156.9| 36.2 
40.9| 09.4 99.4! 22.91 1621157.8| 36.4 
ah 41.9! 09.7]! 103 31004 23.2|| 163/158.8] 36.7 
44) 42.9] 09.9!| 194/101.3! 23.4] 164/159.8] 36.9 
45| 43.8] 10.11| 105]102.3| 23.6]] 165/160.8| 37.1 
46| 44.8] 10.3|| 106/103.3) 23.8]] 166/161.7| 37.3 : 
47} 45.8] 10.6] 1oz\104.3] 24.1]| 167/162.7] 37.6]| 227/221. 
48| 46.8} 10.8]| 108/105.2| 24.3]! 168/163.7| 37.8]| 228/222. 
49| 47.7| 11.0]! 109/106.2} 24.5]] 1691164.7| 38.0 
50| 48.7 ote 110/107 .2| 24.71] 1701165.6| 38 2|| 230/224. 
51| 49.7| 11.5 111/108 2 25.0]! 171|166.6| 38.5 “B31 235.1 4 
50.7| 11.7|| 112/109.1! 25.2]] 1721167.6| 38.7|| 232/226. 292/284 .5 
51.6] 11.9] 113'110.1] 25.4] 173|168.6| 39.9|| 233/227. 293/285 .5 
52.6] 12.1] 114/111.1] 25.61 1741169.5| 39.1] 234/228. 294/286.5 
53.6] 12.4|| 1151112.1/ 25.91] 175/170.5| 39.4/| 235/229. 295|287 .4 
54.6] 12.6]| 116/113.0| 26.11] 176/171.5} 39.6 236/230. 296|288.4 
55.5] 12.8]! 117/114.0} 26.3]| 177|172.5| 39.8 297|289 .4 
56.5) 13.0|| 118/115.0] 26.5|| 178|173.4| 40.0|| 238/231. 295/290 .4 
57 .5| 13.3|| 119|116.0| 26.8]] 179|174.4} 40.3|| 239 232. 299|291.3 
58.5| 13.5 1) 116°9 27 .0|| 180/175.4| 40.5 240 233.8 300|292.3 
Dist.| Dep. | Lat. |jDist.| Dep.| Lat. ||Dist.] Dep. Dist.| Dep. | Lat. ||Dist. aes { Lat. Dist.} Dep. 


For 77 Degrees. 
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TABLE II. 


Difference of Latitude and Departure for 14 Degrees. | 


Dist.| Lat. 
61] 59.2 
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104|100.9) 25. 
105) 101.9) 25. 
106/102 .9} 25. 
103.8] 25. 
104.8} 26. 
109,105 .8] 26. 
110|106.7| 26. 


e-—eeo | | SC OS S OO | |S CO = | | | re ff | | 


111|107.7| 26. 
112/108.7| 27. 
113/109.6| 27. 
114|110.6! 27. 
115|111.6] 27. 
116/112.6| 28. 
117;113.5 25. 
118/114,5| 28. 
119}115.5] 28. 
120]}116.4] 29. 
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161/156. 
162|157. 
163'158. 
164}159. 
165|160. 
166161. 
167|162. 
168/163. 
169)164. 
170)165. 
171|165. 
172)166. 
173167. 
174|168. 
175|169. 
176|170. 
177|171. 
178|172. 
179173. 
180|174. 
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151/146. 

152)147. 

153,148. 
154/149. 
155)150. 
156/151. 
157|152. 
158/153. 
159/154. 
160)155. 
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Dep. ||Dist.| Lat. | Dep. Dist.) Lat. 


14, 


2O1lb9s .¢ 
202/196. 
203\197. 
204/197. 
205)198. 
206/199. 
207\200. 
208/201. 
209/202. 
210/203. 
211/204. 
212/205. 
213/206, 
214/207. 
915/208. 
216/209. 
210. 
211. 
219l212, 
2201213. 
221/214. 
22912 15% 
223/216. 
2241217. 
2251218. 
226/219. 
227/220. 
228/221. 
229/222, 
230/228 :; 


217 
218 


231/224. 
232/225. 
233/226. 
234/227. 
235/228. 
236)/229. 
237/230. 
238/230. 
239)/231. 
240/232 .$ 


p.| Lat. ||Dist.| Dep. 


Dep. ||Dist. 
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261/253 .2 
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"271/263 .0 
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Dist. 
For 76 Degrees. 


Lat. | Dep. 
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241/233.8] 58. 
242/234.8] 58. 
243/235 .8| 58. 
244/236.8; 59. 
245|237.7| 59. 
246'238.7| 59. 
247'239.7] 59. 
248/240.6] 60. 
249/241 .6| 60. 
250'242.6) 60. 
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252'244 5 
253/245 .5 
254|246.5 
255/247 
256|248..4 
257/249 .4 
255/250.3 
259/251.3 
260/252.3 


262|254 .2 
263/255 .2 
2641256.2 
265/257 .1) 64.1 
266/258 .1) 64.4 
267|259.1| 64.6 
263/260.0! 64.8) 
269/261 0; 65 ms 
270/262 .0}) 65.3 


272'263 .9 
273\264 .9 
274/265. 
275/266. 
276/267 . 
277/268. 
278/269. 
2791270. 
280/271. 
281/272. 
282/273. 
283/274. 
284/275. 
285|276. 
286/277. 
287|278. 
288/279. 
289/280, 
290/281. 
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291,282. 
292/283. 
293/284. 
29.41285 , 
295/286. 
296'287 . 
297/285. 
298)289, 
299)290. 
300/291. 
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TABLE IL. 
Difference of Latitude and bet aie for 15 earns 


00.3 9 3 
00.5 =o 6 
00.8 a] 8 
01.0 8 1 
ol 8 4 
Ol 8 6 
Ol AY f 9 
02 od a | 
02 6 4 
02 6 6 


= 
w 
WONRMOAORE DIAM DAW 


02 -6) 18. 9 
03 -5{ 18. 2 
-5{ 18. 4 
03 267 19. a | 
03 -4) 19. 9 
04 4] 19. 2 
O4 4] 19, 5 
3 7 
-3 0 
3 2 


05.4|| 81 .0| 5 
05.7|| 82 2} 8 
06.0|| 83 0 
06.2|| 84 3 
06.5|| 85 5 
06.7|| 86 8 
07.0|| 87 0 
07.24 88 3 
07.5]| 89 6 
07.8|| 90 8 
08.0\| 91 3.6|| 151|145.9| 39.1 
08.3|| 92 .8|| 152/146.8] 39.3 
08.5|| 93) 89.8] 24.1]| 153/147.8| 39.6 
08.8|| 94] 90.8] 24.3]| 154)148.8| 39.9 
09.1|} 95] 91.8} 24.6] 155]149.7| 40.1 
09.3|| 96] 92.7] 24.8] 156|150.7| 40.4 
09.6) 97] 93.7] 25.1]| 157|151.7| 40.6 
09.8]| 98| 94.7] 25.4)) 158|152.6] 40.9 
10.1]) 99} 95.6] 25.6]| 159]153.6} 41.2 
10.4]] 100} 96.6] 25.9]| 160|154.5] 41.4 
10.6 -6| 26.1|| 161155 .5] 41.7 
10.9 .5| 26.4)| 162/156.5| 41.9 
11.1 .5| 26.7|| 163|157.4| 42.2 
11.4 .5| 26.9]| 164]158.4) 42.4 
11.6 .4| 27.2)) 165|159.4) 42.7 
11.9 .4| 27.4|| 166/160.3| 43.0 
12.2 .4| 27.7|| 167|161.3] 43.2 
12.4 .3] 28.0)| 168}162.3! 43.5 
12.7 .3] 28.2] 169|163. 
12.9 .3] 28.5 
13.2 2 
13.5 3 
13.7 i 
14.0 OT 
14.2 J 
14.5 0 
14.8) 0 
15.0 0 
15.3|| 119/114.9 

9 


3 For 75 Degrees. 


TABLE IL. 
Difference of Latitude and Departure for 16 Degrees. 


Dist. Lat. D Dist.| Lat. | Dep. |/Dist.| Lat. | Dep. ||Dist.| Lat. | Dep. |Dist.) Lat. | Dep. 
De, Bee. [De] ta: Dae ee nat 


121/116. Tee , ~241/231.7 
122|117.3 ; .2| 242/232.6 
123/118.2] 33. é .4| 243/233, 
124/119.2} 34. . .7| 244/234. 
125/120.2 ; : 245/235. 
126]121.1 ; .3| 246/236. 
127|122.1 247/237. 
128/123 .0 248/238. 
129/124 .0 219/239. 
130/125 .0 


131/125. 

132|126. 
133/127. 
134|128. 
135}129. 


Oke DANWOde 


ONAYNUGTHHOS: 
S88 eresessi, 
Wo mmaannnananl : 
wo fm em NN a 
HOeooaa 
at 


ior] 
peas 


251/241. 
252/242 4 
253/243. 
254/244. 
255/245. 
256|246. 
257|247. 
258|248, 
259|249. 
260)249. 
" 261/250.9 
262|251. 
263|252. 
264|253. 
265|254. 
266)255. 
267/256. 


mo 


HMnornwoyweewoalworan 


ANYONE Cows 
ADwWODWMNWOYRHEIDAWS 


OO SS mmm bh 
OQONYNHDHHOES 


144|138.4 
145|139.4 


DNASNYRNWODwW 
| Om OONwOoUW me 


CNAKNSORE 


5 
a) 
4 
4 
1.3 
3 
3 
2 
2 
By 
1 
-l 
-0 
0 
0 
oo 
9 
8 
8 
8 
ay f 
oT 
6 
6 
-6 
od 
oO 
-5 


CNUNMWOOREMODTIWONERANESWED 
DHOOSSSO = bel] bw bow we ws 


m bo bo bo O99 oe me On| 


281/270.1 


oc - 


229/220.1| 63.1] 289|277.8! 79.7) 
230/221.1| 63.4] 290/278.81 79. 9 
——_ | <4 
231|222.1| 63.7| 201.279. . 
232/223 .0] 63.9) 202280. 
233/224 .0| 64.2) 203/281. 
234|224.9] 64.5) 204/282. 
235/225 .9 
236/226 .9 
8 
8 
7 
7 


110/105. 


~111/106.7 
112/107. 
113/108. 
114/109. 
115/110. 
116)111. 
117112. 
118/113. 


237/227. 
238/228. 
119)114. 239/229. . 
120)115. 240|230.7| 66. 2 _300 288. 


Dist.| Dep. { Lat. |/Dist.| Dep. | Lat. Dist! Dep. | Lat. Dist.| Dep. | Lat. Dist. Dep. | Lat. 


er ee eee 
© mm bet et bOI OO IMAM O AAAI 


Owe mrvboyeeloowo< 


For 74 Degrees. 


TABLE ILI. 33 
Difference of Latitude and Departure for 17 Degrees. 


Dist.| Lat. | Dep. 


1 00.3}| 61] 58.3] 17.8 1] 52.9] 241/230.5! 70.5 
2 00.6|| 62] 59.3! 18.1 0| 53.2|| 2421231.4] 70.8 
3 00.9) 63} 60.2] 18.4 0} 53.5|| 243/232.4’ 71.0 
4 01.2] 64] 61.2) 18.7 0| 53.8)| 244/233.3| 71.3 
5 01.5|| 65} 62.2] 19.0 9| 54.1|| 245|234.3] 71.6 
6| 05.7| 01.8]| 66] 63.1) 19.3 9| 54.4]| 246)235.3| 71.9 
7| 06.7| 02.0]) 67| 64.1) 19.6 8| 54.7|| 247|236.2) 72.2 
8! 07.7} 62.3|| 68| 65.0] 19.9 8| 55.0|| 248/237.2] 72.5 
9| 08.6] 02.6] 69] 66.0) 20.2 7| 55.3|| 249|238.1| 72.8 
02.9] 70| 66.9] 20.5 .7| 55.6) 250|239.1| 73.1 

03.2} 71] 67.9] 20.8 2.7| 55.8|| 251/240.) 73.4 

03.5]| 72} 68.9] 21.1 .6| 56.1] 252/241.0| 73.7 

03.8|| 73] 69.8| 21.3 9 4.6] 56.4|| 253/241.9] 74.0 

04.1]) 74| 70.8] 21.6 2 .5| 56.7|| 254/242.9| 74.3 

04.4]) 75} 71.7| 21.9 5 .5| 57.0|| 255/243.9] 74.6 

04.7|| 76| 72.7} 22.2 8 .4] 57.3]) 256/244.8] 74.8 

05.0|| 77) 73.6] 22.5 at .4| 57.6]] 257/245.8)| 75.1 

05.3|| 78} 74.6 22.8 3 9.3] 57.9|| 258/246.71 75.4 

05.6]| 79| 75.5] 23.1 6 .3| 58.2!| 259247.7] 75.7 

05.8|| 80] 76.5] 23.3 9 .3| 58.5|| 260'218.6] 76.0 

06.1|| 81 23.7 2 .8i| 261/249.6) 76.3| 

06.4|| 82 24.0 5 59.1] 262.250.6| 76,6 

06.7|| 83 24.3 8 59.4|| 263/251.5| 76.9 

07.0]] 84 24.6 2.1 59.6] 264/252.5| 77.2 

07.3]| 85 24.9 2.4 59.9|| 265/253.4] 77.5 

07.6|| 86 25.1 7 60.2]} 266!254.4 77.8 

07.9|| 87 25.4 .0 60.5|| 267|255.3: 78.1 

08.2|| 88 25.7 3 60.8|| 268|256.3| 78.4 

08.5]| 89 26.0 6 61.1| 269|257.2| 78.6 

08.8 26.3 9 61.4]| 270|258.2' 78.9 

09.1 6 a 2 

09.4 .9|| 152|145.4| 44.4 5 

09.6 2|| 153/146.3| 44.7 8 

69.9 .5|| 154}147.3) 45.0 i 

10.2 .8|| 155/148.2] 45.3 .4 

10.5 1] 156|149.2] 45.6 37 

10.8 .A|| 157]150.1] 45.9 .0 

11.1 .7|| 158]151.1] 46.2 3 

11.4 .9|| 159]152.1] 46.5 6 

ary, 9.2|| 160|153.0) 46.8 9 

.2] 12.0 29.5|| 161/154.0| 47.1 3 62 
40.2| 12.3 .8|| 162}154.9] 47.4 3 4 

.1) 12.6 -1|| 163]155.9| 47.7 3 :7 
12.9 .4|| 164]156.8] 47.9]| 224|214.2 .0 

13.2 .7|| 165}157.8] 48.2|| 225!215.2 3 

13.4 .0]| 166]158.7] 48.5|| 226|216.1 6 

T7. .3]| 167|159.7| 48.8]| 227/217.1 9 

14.0 .6|| 168|160.7| 49.1]| 228/218.0 12 

14.3 .9]| 169|161.6| 49.4)| 229/219.0 5 

14.6 .2\| 170|162.6] 49.7|| 230|220.0 .8 

14.9 32.5|| 171|163.5| 50.0|) 231/220.9] 67.5]| 291/278.3] 85.1 

15.2 32.7|| 172|164.5| 50.3|| 232/221.9] 67.8|| 292/279 2| 85.4 

15.5 33.0|| 173|165.4| 50.6) 233|222.8] 68.1]| 293)280.2; 85.7 

15.8 33.3] 174|166.4| 50.9|| 234/223.8] 68.4]| 294/281.2| 86.0 

16.1 33.6]| 175|167.4| 51.2|| 235|224.7| 68.7] 295/282.1| 86.2 

16.4 33.9] 176|168.3| 51.5|| 236/225.7| 69.0]| 296,283 .1) 86.5 

16.7 34.2|| 177|169.3] 51.7|| 237|226.6| 69.3|| 297/284.0) 86.8 

17.0 34.5|| 178|170.2| 52.0|| 238|227.6] 69.6|| 298]285.0! 87.1 

eo 34.8]| 179|171.2] 52.3|| 239|228.6] 69.9|| 299]285.9) 87.4 

17.5 35.1|| 180|172.1| 52.6|| 240|229.5| 70.2|| 300|286.9)| 87.7 


Dist.| Dep. | Lat. ||Dist| Dep. | Lat. ||Dist.| Dep. | Lat. |/Dist.| Dep. | Lat. Dist. Dep. | Lat. | 
E For 73 | 


Degrees. 


et ee —— eee 
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TABLE 


II. 


Difference of Latitude and Departure for 18 Degrees. 


Dist.! Lat. | Dep. || Dist. 


| 


Lat. | Dep. | Dist. Lat. | Dep. Dist.| Lat. | Dep. ||Dist.| Lat. | Dep. 


01.0| 00.3]/ 61| 68.0/ 18.9|| 121/115.1| 37.4|| 181/172.1| 55.9|| 241/229.2| 74.5 
01.9] 00.6]| 62] 59.0 19.2 122/116.0| 37.7|| 132|173.1| 56.2|} 242)230.2| 74.8 
02.9] 00.9]] 63] 59.9} 19.5] 123/117.0} 38.0] 183/174.0] 66.6] 243/231.1) 75.1 
03.6] 01.2)| 64] 60.9] 19.8] 124!117.9] 88.3]| 184/175.0) 56.9) 244!232.1| 75.4 
04.8} 01.5] 65] 61.8 20.1 125|118.9] 38.6|| 185|175.9] 57.2|| 245|233.0| 75.7 
05.7| 01.9|| 66] 62.8] 20.4)| 126/119.8| 38.9]] 186]176.9: 57.5|| 246|234.0| 76.0 
06.7| 02.2|| 67| 63.7| 20.7|| 127/120.8] 39.2|| 187|177.8| 57.8|| 247|234.9| 76.3 
07.6] 02.5|| 68] 64.7] 21.0|] 128/121.7] 39.6|| 188|178.8| 58.1|| 2481235.9| 76.6 
08.6] 02.8|| 69] 65.6] 21.3|| 129|122.7| 39.9|| 189|179.7| 58.4|| 249|236.8| 76.9 
09.5] 03.1]| 70| 66.6] 21.6] 130]123.6| 40.2]] 190/180.7| 58.7)| 250|237.8| 77.3 
.4 71) 67.5) 21.9 124.6] 40.5|| 191|181.7| 59.0|| 251/238.7| 77.6 

.7|| 72| 68.5] 22.2|| 132/125 .5! 40.8|| 192|182.6] 59.3|| 252|239.7| 77.9 

.0l] 73} 69.4] 22.6]! 133/126.5] 41.1|| 193/183.6] 59.6]| 253/240.6| 78.2 

.3|] 74| 70.4] 22.9|| 134/127.4] 41.4]! 194]184.5| 59.9]) 254/241.6] 78.5 

-6|| 75] 71.3] 23.2|| 135/128.4] 41.7|| 195|185.5| 60.3)| 255/242.5| 78.8 

.9]| 76] 72.3] 23.5)! 136/129.3] 42.0|| 196]186.4] 60.6|| 256/243.5] 79.1 

.3|| 77] 73.2} 23.8|| 137/130.3] 42.3|| 197|187.4] 60.9|| 257|244.4) 79.4 

.6|| 78] 74.2} 24.1]| 138/131.2] 42.6|| 198]188.3| 61.2|| 258)245.4| 79.7 

.9|| 79] 75.1] 24.4|| 139]132.2] 43.0|| 199|189.3| 61.5|| 259/246.3| 80.0 

.2|| 80] 76.1] 24.7|| 140]133.1] 43.3|| 200|190.2| 61.8|| 260/247.3| 80.3 

81| 77.0) 25.0|| 141/134.1| 43.6|| 201|191.2) 62.1|| 261/248 .2) 80.7 

82| 78.0] 25.3|| 142/135.1| 43.9|| 202/192.1] 62.4|| 262/249.2! $1.0 

83| 78.9| 25.6|| 143/136.0] 44.2|| 203/193.1] 62.7|| 263/250.1| 81.3 

84] 79.9] 26.0|| 144/137.0] 44.5]| 204/194.0] 63.0]| 264/251.1| 81.6 

85| 80.8] 26.3|| 145/137.9] 44.8|| 205/195 .0} 63.3|| 205/252.0) 81.9 

86| 81.8] 26.6|| 146)138.9] 45.1|| 206|195.9: 63.7|| 266|253.0| 82.2 

87| 82.7] 26.9|| 147|139.8} 45.4|| 207|196.9| 64.0)| 267|253.9| 82.5 

88| 83.7] 27.2\| 148/140.8| 45.7|| 208|197.8] 64.3|| 268/254.9] 82.8 

89| 84.6] 27.5|] 149/141.7] 46.0|] 209/198.8} 64.6|| 269/255.8| 83.1 

90| 85.6] 27.8|| 150|142.7| 46.4|| 210|199.7| 64.9|| 270/256.8] 83.4 

91| 86.5] 28.1]/ 151/143.6| 46.7|| 211/200.7| 65.2|| 271/257.7| 83.7 

92| 87.5|-28.4|| 152/144.6| 47.0|| 212|201.6| 65.5|| 272/258.7, 84.1 

93] 88.4] 28.7|| 153)145.5| 47.3|| 213/202.6] 65.8|| 273|259.6| 84.4 

94] 89.4] 29.0|| 154/146.5| 47.6|| 214/203.5] 66.1|| 274|260.6| 84.7 

95| 90.4] 29.4]| 155]147.4] 47.9]! 215/204.5] 66.4)! 275/261.5| 85.0 

96| 91.3] 29.7|| 156/148.4| 48.2|| 216/205.4] 66.7|| 276|262.5| 85.3 

97| 92.3] 30.0|| 157|149.3| 48.5|| 217/206.4) 67.1|| 277/263.4| 85.6 

98] 93.2] 30.3|| 158|150.3| 48.8]| 218|207.3| 67.4|| 278|264.4| 85.9 

99| 94.2] 30.6|| 159|151.2] 49.1|| 219/208.3| 67.7|| 279|265.3| 86.2 

100] 95.1] 30.9|| 160|152.2| 49.4|| 220|209.2| 68.0]! 280|266.3] 86.5 

101] 96.1] 31.2\! 161/153.1| 49.8]! 221/210.2} 68.3]! 281|267.2| 86.8 

102] 97.0] 31.5]! 162/154.1] 50.1|} 229/211.1| 68.6|| 282|268.2| 87.1 

103} 98.0] 31.8]! 163/155 .0| 50.4|| 223/212.1| 68.9 1] 87.5 

104] 98.9] 32.1|| 164|156.0] 50.7|| 224/213.0| 69.2 -1] 87.8 

105| 99.9] 32.4]] 165]156.9| 51.0] 225|214.0, 69.5 -1| 88.1 

106|100.8] 32.8|| 166|157.9] 51.3|| 226/214.9) 69.8 .0| 88.4 

107|101.8] 33.1]! 167|158.8] 51.6]] 227/215.9) 70.1 -0} 88.7 

108|102.7| 33.4|| 168|159.8| 51.9/} 228|216.8| 70.5 -9| 89.0 

109|103 .7| 33.7|| 169|160.7| 52.2|| 229|217.8] 70.8 -9| 89.3 

110/104 .6] 34.0]! 170|161.7| 52.5/} 230/218.7| 71.1 .8| 89.6 

111/105 .6| 34.3|| 171|162.6] 52.8) 231/219.7| 71.4 3.8| 89.9 

112|106.5] 34.6|| 172/163.6| 53.2) 232/220.6] 71.7| .7| 90.2 

113/107 .5| 34.9]! 173|164.5] 53.5/|. 233/221.6| 72.0 .7| 90.5 

114/108 .4] 35.2|| 174/165.5| 53.8/] 234|222.5| 72.3 .6| 90.9 

115|109.4] 35.5|| 175|166.4] 54.1 .5| 72.6 .6| 91,2 

116/110.3| 35.8|| 176|167.4] 54.4]| 236/224.4) 72.9 5, 91.5 

117|111.3] 36.2|| 177|168.3] 54.7|| 237|225.4| 73.2 5 91.8 

118|112.2) 36.5]] 178|169.3| 55.0|| 238/226.4] 73.5 4! 92.1 

119113.2| 36.8] 179]170.3) 55.3} 2391227 .3} 73.9 4 92.4 

120/114.1| 37.1]] 180|171.2) 55.6|| 240/228.3) 74.2 .3 92.7 

Dist. Dep. | Lat. ||Dist.| Dep. | Lat. ||Dist.| Dep. | Lat. ||Dist.| Dep. | Lat. ||Dist.| Dep.| Lat. 


For 72 Degrees. 


ifference of Latitude and Departure for 19 Degrees. 


: TABLE II. 35 
Roscoe 


Dist.| Lat. | Dep. Dist.) Lat. Dep. ||Dist.| Lat. | Dep. ||Dist.] Lat. | Dep. ||Dist.| Lat. | Dep. 


00.9 61} 57.7) 19.9) 121/114.4) 39.4 . 241/227 .9) 78. 
62] 58.6} 20.2 -3]| 242/228 .8 
63] 59.6] 20.5 -6]} 243)229.8 
-3|| 64) 60.5) 20.8 -9]) 244/230.7 
-6)| 65] 61.5) 21.2)| 125/118 -2)| 245/231.7 
-O|}} 66) 62.4) 21.5) 126/119 .6]| 246/232 .6 
2.3]; 67) 63.3) 21 8|| 127|120 -9]| 247/233.5 
07.6 -6|| 68) 64.3) 22.1] 128)121 -2|| 248/234.5 
08.5 -9|| 69) 65.2] 22.5] 129/122 -5|| 249/235 .4 
09.5 -3|| 70} 66.2) 22.8) 130)122 -9]] 250}236.4 
10.4 6 -2|| 251)237.3 
11.3 9 5] 252|238.3 
12.3 2 -8]| 253/239.2 
13.2 6 -2|| 254/240 .2 
14.2 9 ~5|| 255)241.1 
15.1 2 3.8]| 256|242.1 
16.1 5 1} 257/243 .0 
17.0 9 .5]| 258/243 .9 : 
18.0 2 -8}| 259)244,.9] 84, 
18.9 5 1|| 260/245 .8] 84.6 
45 261/246.8 
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5 4 5 
4 7 .8 
4 21 19 
3 $4 5 
3 7 : | 
.2 .0|| 2261213.7 = 
2 .4|| 2271214.6 AE 
i .7|| 228/215 .6 8 
it .0|| 229/216.5 cy 
170|160.7| 55.3]| 2301217.5 
~ 61 111/105.0 36.1|| 171|161.7| 55.7|| 231|218.4 
112|105 .9 172|162.6| 56.0]| 232/219.4 
173|163.6 56.3|| 233|220.3 
174|164.5| 56.6]| 234/221.3 
175|165.5! 57.0|| 235/222.2 ‘ 
176|166.4| 57.3]| 236|/223.1 296|279 .9 
167.4| 57.6|| 237|224.1 297]280.8 
178|168 .3| 58.0]| 238/225 .0 2Yx|281.8 
179|169.2| 58.3]| 239/226.0 299|282.7 
60| 56.7 120]113.5 180]170.2| 58.6|| 240/226.9 300283 .7 


Dist Dep. | Lat. ||Dist. Dep. | Lat. Lat. ||Dist.| Dep. | Lat. |§ 


Dist.| Dep. | Lat. ||Dist.| Dep. 


For 71 Degrees. 
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36 TABLE II. 
Difference of Latitude and Departure for 20 Degrees. 


Vep. || Dist.| Lat | Dep. ||Dist.| Lat. | Dep. ||Dist.) Lat. | Dep. |/Dist.| Lat. | Lat. | Dep, 

00.3 20.9)) 121/113.7 181j170.1} 61.9)| 241 226.5 5. $2.4 
00.7 21.2|) 122/114.6 2)' 2421227 .4| 82.3)5 

01.0 21.5]|| 123)115.6 .6]| 243/228.3] 83.1 

01.4 21.9)| 124)116.5 .9]| 244/229.3] 83.5 

01.7 22.2)| 125}147.5 3]| 245|230.2) 83.8 

02.1 22.6|| 126)/118.4 6|| 246/231%.2) 84.2 

02.4 22.9]| 127}119.3 .O|| 247|232.1]' 84.5 

02.7 23.3 128 120.3 64.3]} 248/233.0] 84.8 

03.1 23 .6]| 129|121.2 64.6;' 249/234.0) 85.2 

03.4 23.9]| 130}122.2 65.0]| 250/234.9) 85.5 

03.8 24.3 “131 123.1 -3}| 251/235 .9| 85.8 

04.1 24.6|| 132}124.0 .7|| 252'236.8] 86.2 

04.4 25.0}} 133]125.0 .O}] 253/237.7| 86.5 

04.8 25.3}| 134]125.9 -4]| 254/238.7) 86.9 

05.1 25.7)| 135]126.9 -7|| 255/239,6| 87.2 

05.5 26.0}| 136)127.8 .0}| 256/240.6! 87.6 

05.8 26.3]| 137]128.7 -4]| 257|241.5) 87.9 

06.2 26.7)|| 138}129.7 : .7|{ 258)242,4) 88.2 

.9) 06.5 27 .0|| 139]130.6 . -1|| 259|243.4) 88.6 

.8} 06.8 27 .4|| 140)131.6 : .4|| 260/244,3] 88.9 

21] 19.7| 07.2 27.7|| 141]132.5 201|188.9 68.7|| 261/245 .3| 89.3 
22) 20.7| 07.5 28 .0]| 142/133.4 202'189.8} 69.1|| 262!246.2) 89.6 
23{ 21.6) 07.9 28.4|| 143|134.4 203/290.8] 69.4|| 263/247 s’ 30.0 
24| 22.6] 08.2 28.7)| 144]135.3 204)191.7} 69.8]| 264/248,1) 90.3 
25) 23.5] 08.6 29.1]| 145}136.3 205|192.6 70.1}| 265/249.0 90 .6f 
26) 24.4} 08.9 29.4|| 146|137.2 206,193.6| 70.5]| 266/250.90) 91.0 
27| 25.4] 09.2! 2¢.8|| 147}138.1 207)194.5| 70.8]} 267'250.9) 91.3 
28 26.3} 09.6 30.11} 148}139.1 208]195.5] 71.1]| 268,251.8!) 91.7 
29| 27.3] 09.9 30.4|] 149}140.0 209)196.4, 71.5 2692528 92.0 
30] 28.2] 10.3 30.8]} 150/141.0 210)197.3) 71.8 2701253.7 92.3 
31] 29.1} 210.6 31.1]| 151)141.9 211)198.3}) 72.2)| 271! (054.7 92.7 
32) 30.1} 10.9 31.5]| 152)142.8 212)199.2] 72.5]| 272/255.6| 93.0 
33] 31.0) 11.3 31.8}} 153/143.8 213|200.2] 72.9)| 273|256.5] 93.4 
34] 31.9 11.6 32.1]| 154)144.7 214/201.1) 73.2]| 274)257.5) 93.7 
35] 32 9) 12.0 32.5]| 155/145.7 215/202.0| 73.5]| 275)/258.4| 94.1 
36) 33.5) 12.3 32.8]| 156)146.6 216/203.0| 73.9]| 276\259.4| 94.4 
37) 34.8) 12.7 33.2]| 157|147.5 217|203.9| 74.2]| 277/260.3| 94.7 
Bis) Be oy ae We BC 33.5]| 158)148.5 218/204.9] 74.6]| 278)261.2] 95.1 
39] 36.6) 13.3 33.9]| 159}149.4 219/205.8| 74.9]| 279/262.2| 95.4 
40: 37.6) 13.7 34.2]| 160)150.4 220/206.7| 75.2|| 280 263.1 95.8 
41! 38.5) 14.0 34.5]| 161{151.3 221|207.7| 75.6}| 281 264.1 “06.1 
42) 39.5| 14.4 34.9]] 162)152.2 222/208.6| 75.9]) 282/265.0| 96.4 
43) 40.4] 14.7 35.2)| 163)153.2 : 223/209.6| 76.3]| 283/265.9| 96.8 
44| 41.3) 15.0 35 .6| 164)154.1 3 224/210.5] 76.6|| 284/266.9| 97.1 
45) 42.3] 15.4 35 .9|| 165|155.0 225/211.4| 77.0]| 285/267. 8! 97 .5 
AG! 43.2] 15.7 36.3)| 166)156.0 5 226/212.4| 77.3]| 286)268. 8| 97.8 
47{ 44.2, 16.1 36.6]| 167)156.9 227|213.3|] 77.6]| 287|269.7]) 98.2 
48] 45.1] 16.4 36.9] 168}157.9 ‘ 228/214.2] 78.0]| 288/270.6) 98.5 
49| 46.0) 16.8 37.3)' 169}158.8 ; 229/215.2| 78.3]| 289)/271.6} 98.8 
50] 47.0) 17.1 37.6] 170|159.7 230/216.1] 78.7)| 290\/272.5) 99.2 
9] 17.4 38.0)) 171|160.7| 58.5|| 231|217.1| 79.0]) 291|273.5| 99.5 

8 38.3|| 172|161.6| 58.8|| 232/218.0| 79.3]| 2921274.4] 99.9 

ra | 38.6]| 173)162.6 .2|| 233)218.9| 79.7|| 293)275.3/100.2 

7) 39.0|| 174)163.5 .5|| 234/219.9] 80.0]| 2941276.3/100.6 

-8 39.3|| 175)164.4 .9|| 235/220.8] 80.4]! 295/277.2)100.9 

32 39.7|| 176}165.4 .2]| 236)221.8] 80.7|| 296/278.1/101.2 

5 40.0|} 177|166.3 .5|| 237|222.7] 81.1]| 297/279.1/101.6 

.8 40.4|| 178}167. 3| .9]| 238/223.6] 81.4]| 298/280.0/101.9 

.2\) 119 ill. 8} 40.7|| 179 169.1] 61.2)| 239/224.6] 81.7]|| 2991281.01102.3 

-5]] 120/112.8] 41.0) 180}169.1) 61.6]) 240)225.5)} 82.1]} 300/281.9)102.6 


Dist.) Dep. | Lat. ||Dist.| Dep. | 


For 70 Degrees. 


TABLE II. 37 
Difference of Latitude and Departure for 21 Degrees. 


Dist.| Lat. | Dep. ||Dist.| Lat. | Dep. Dist.| Lat. | Dep. Dist.| Lat. | Dep. 


61| 56.9] 21.9|| 121/113.0| 43.4|| 181[169.0] 64.9|) 241/225 .0| 86. 
62} 57.9] 22.2] 122/113.9| 43.7|| 182|169.9| 65.2|| 242|225.9! 86. 
63} 58.8] 22.6] 123|114.8] 44.1]] 183/170.8| 65.6|| 243/226.9| 87. 
01.4)) 64] 59.7| 22.9]| 124/115.8] 44.4|| 184/171.8| 65.9|| 244/227.8| 87. 
01.8] 65] 60.7] 23.3]| 125/116.7| 44.8]| 185|172.7| 66.3|| 245|228.7| 87. 
02.2|| 66) 61.6) 23.7|| 126)117.6| 45.2|| 186|173.6| 66.7|| 246|229.7| 88.2 
02.5/| 67] 62.5] 24.0]] 127)118.6| 45.5|| 187|174.6| 67.0|| 247/230.6| 88.5 
02.9|| 68] 63,5] 24.4]) 128/119.5] 45.9]| 188|175.5| 67.4|| 248|231.5| 88.9 
03.2|| 69] 64.4{ 24.7|] 129/120.4| 46.2] 189|176.4| 67.7|| 249|232.5) 89.211 
03.6|| 70| 65.4] 25.1]) 130/121.4] 46.6 pollen 68.1] 250|233.4| 89.6 
.9|| 71] 66.3] 25.4|) 131/122.3) 46.9|| 191/178.3] 68.4|| 251/234.3] 90.0] 
.3|] 72] 67.2| 25.8]| 132|123.2| 47.3]) 192|179.2] 68.8] 252/235.3] 90.3) 
.7|| 73} 68.2) 26.2|| 133/124.2| 47.7|| 193|180.2| 69.21) 253/236.2| 90.7 
.O|] 74) 69.1] 26.5]) 134/125.1] 48.0]) 194]181.1] 69.5] 254/237.1] 91.0 
.4|| 75] 70.0] 26.9|| 135/126.0] 48.4]| 195 182.0] 69.9]) 255/238.1) 91.4 
.7|| 76] 71.0] 27.2|| 136|127.0) 48.7] 196|183.0] 70.2|| 256|239.0) 91.7 
"1 77] 71.9] 27.6|| 137|127:9| 49.1|) 197|183.9| 70.6)] 257/239.9] 92.1 
.5|| 78| 72.8] 28.0|| 138/128.8] 49.5]] 198]184.8] 71.0]] 258|/240.9] 92.5 
.8]] 79] 73.8] 28.3]] 139]129.8| 49.8]] 199|185.8] 71.3]| 259/241.8] 92.5 
.2|| . 80] 74.7] 28.7|| 140|130.7| 50.2|] 200/186.7) 71.7]] 260|242.7] 93.2 
5|| 81] 75.6| 29.0]) 141/131.6| 50.5]] 201)187.6] 72.0) 261|243.7| 93.5 
.9|| 82! 76.6] 29.4]! 142|132.6] 50.9]] 202|188.6] 72.4]| 262/244.6) 93.9 
.2|| 83] 77.5] 20.7|| 143/133.5] 51.2]! 203/189.5] 72.7|| 263/245 .5| 94.3 
.6|]| 84] 78.4] 30.1]) 144/134.4] 51.6]] 2041190.4) 73.1] 264/246.5] 94.6 
.0|} 85 79.4] 30.5|| 145/135 .4] 52.0] 205/191.4) 73.5]] 265|247.4] 95.0 
.3| 09.3|] 86] 80.3] 30.8]] 146/136.3] 52.3|] 206/192.3] 73.S|| 266/248.3) 95.3 
.2} 09.7|| 87] 81.2} 31.2] 147|137.2| 52.7|| 207/193 .3| 74.2|| 267\249.3] 95.7 
28) 26.1) 10.0}) 85) 2.2! 31.5|| 148/138.2) 63.0/) 208/194.2) 74.5]) 268/250.2) 96.0 
| 20| 27.1) 10.4]! 89] 83.1| 31.9]] 149]139.1! 53.4] 209|195.1) 74.9!| 269)251.1| 96.4 
30} 28.0] 10.8|| 90] 84.0] 32.3]] 150|140.0] 53.8]] 210/196.1] 75.3]| 270/252.1] 96.8 
31} 28.9! 11.1|] 91/ 85.0] 32.6|| 151/141.0) 54.1] 211/197.0| 75.6] 271/253.0! 97.1 
32| 29.9] 11.5]| 92] 85.9] 33.0]| 152/141.9| 54.5]| 212/197.91 76.0] 272)253.9| 97.5 
33} 30.8 11.8]} 93] 86.8] 33.3]| 153/142.8] 54.8]| 213/198.9| 76.3]| 273254.9| 97.8 
34) 31.7| 12.2|| 94] 87.8] 33.7]) 154/143.8] 55.2|| 214/199.8) 76.7|| 274|255.8] 98.2 
35| 82.7| 12.5]| 95) 88.7] 34.0|| 155/144.7| 55.5]) 215/200.7/ 77.0] 275/256.7| 98.6 
36) 33.6] 12.9|| 96| 89.6] 34.4]| 156)145.6| 55.9]] 216/201.7| 77.4] 276|257.7) 98. 
37| 34.5] 13.3|| 97| 90.6] 34.8]] 157/146.6| 56.3!| 217|202.6| 77.8|| 277|258.6) 99.3 
38] 35.5] 13.6)! 98) 91.5] 35.1]! 158|147.5| 56.6|| 218|203.5| 78.1] 278|259.5| 99.6, 
39| 36.4| 14.0]| 99| 92.4] 35.5]) 159|148.4| 57.0]| 219|204.5] 78.5]) 279|260.5|100.0 
40| 37.3 14.3|| 100] 93.4] 35.8|| 160|149.4] 57.3]] 220|205.4] 78.8|] 280/261 .4/100.3 
41| 38.3) 14.7|| 101) 94.3| 36.2|| 161/150.3| 57.7|| 221!206.3) 79.2|| 281/262 .3/100.7 
42} 39.2] 15.1|| 102{ 95.2] 36.6]) 162/151.2| 58.1 3| 79.6|| 282/263 .3/101. 31] 
43| 40.1) 15.4]| 103{ 96.2| 36.9]| 163/152.2| 58.4 .2| 79.9]! 283|264.2101.4 
44] 41.1) 15.8|] 104) 97.1] 37.3]] 164|153.1| 58.8/] 224|209.1] 80.3]| 284|265.1/101.8 
45| 42.0| 16.1|| 105] 98.0] 37.6|| 165|154.0| 59.1]| 225/210.1] 80.6! 285|266.1/102.1 
46| 42.9] 16.5|| 106] 99.0] 38.0]) 166/155. 0| 59.5|| 226/211.0| 81.0] 286|267.0)102.5 
47| 43.9} 16.8]| 107] 99.9] 38.3]| 167/155.9] 59.8]| 227/211.9] 81.3] 287/267 .9|102.9 
48} 44.8] 17.2|| 108/100.8| 38.7|) 168|156.8| 60.2|| 228|212.9] 81.7|| 288|268.9|103 .2 
49| 45.7] 17.6|| 109|101.8| 39.1|| 169|157.8| 60.6]| 229|213.8] 82.1] 289/269.8|103.6 
50! 46.7| 17.9|| 110|102.7| 39.4|| 170/158.7| 60.9|| 230|214.7| 82.4]] 290|270.7|103.9 
51| 47.6) 18.2|/ 111/103.6| 39.8|| 171]159.6| 61.3|| 231/215.7| 82.8 
52| 48.5| 18.6|| 112|104.6| 40.1|| 172)160.6] 61.6]] 232/216.6| 83.1 
53} 49.5] 19.0]] 113/105.5| 40.5|| 173/161.5| 62.0 17.5] 83.5 
54| 50.4) 19.4|| 114/106.4] 40.9]| 174/162.4| 62.4]] 234|218.5] 83.9 
55 51.3) 19.7|| 115|107.4| 41.2|| 175|163.4| 62.7|| 235/219.4] 84.2 
56 52.3) 20.1|| 116/108.3| 41.6|| 176|164.3| 63.1]/ 236|220.3| 84.6 
57| 53.2) 20.4|| 117/109.2) 41.9]} 177|165.2| 63.4|| 237/221.3| 84.9 
58) 54.1] 20.8|| 118|110.2| 42.3]| 178|166.2| 63.8|| 238|222.2| 85.3 
59| 55.1) 21.1] 119/111.1] 42.6]] 179|167.1| 64.1|| 239|223.1] 85.6 
60} 56.0} 21.5|| 120/112.0| 43.0]| 180\168.0| 64.5|| 240|224.1) 86.0 


Dist.) Dep. | Lat. ||Dist.| Dep. | Lat. ||Dist.| Dep. | Lat. |[Dist| Dep. | Lat. |[Dist.| Dep. | Lat. 
| For 69 Degrees. 


TABLE II. 
Difference of Latitude and Departure for 22 Degrees. 


|Dist.| Lat. | Dep. ||Dist.} Lat. | Dep. Dist.| Lat. | Dep. ||Dist.| Lat. | Dep. ||Dist.| Lat. 
1} 00.9) 00.4]| 61) 56.6| 22.9 121/112. 181/167 .8) 67.8]| 241/223.5 
62} 57.5 182/168.7| 68.2/| 242/224.4) 90.7 


2 
; i 
.6| 02. : ; .0 
8, 07.4] 03.0] 68] 63.0] 25.5 188|174.3] 70.4 .9| 92.9 
9} 08 .4|| 69] 64.0] 25.8 189|175 .2} 70.8 .9| 93.3 
10] 09.3] 03.7|| 70] 64.9] 26.2 190|176.2| 71.2 .8| 93.7 
1i| 10. -1|| 71| 65.8] 26.6 191/177 .1] 71.5 .7| 94.0; 
12/ 11 4.5] 72] 66.8] 27.0 192/178.0] 71.9 7) 94.4 
13] 12 .9l| 73] 67.7] 27.3 193|178.9| 72.3 ‘| 94.8) 
14| 13 5.2|| 74] 68.6] 27.7 194|179.9| 72.7 .5| 95.2 
15| 13 5.6] 75] 69.5] 28.1 195|180.8] 73.0 4 95.5| 
16| 14 .O|| 76] 70.5} 28.5 196181.7| 73.4 4 95.9 
17| 15 .4|| 77] 71.4] 28.8 197|182.7| 73.8 ‘3, 96.3] 
18] 16 7|| 78! 72.31 29.2 198/183 .6] 74.2 2/ 96.6) 
19| 17 lll 79! 73.2} 29.6 199/184.5] 74.5 1 97.0) 
20/ 18 .5|| 80] 74.2! 30.0 : 200/185 .4| 74.9 1] 97.4 
21| 19 “9|| Sil 75.1] 30.3 7 201/186 .4| 75.3|| 261/242.0| 97.8 
22! 20 .2|| 82) 76.0] 30.7 7 202/187.3| 75.7 .9| 98.1 
23] 21 .6|| 83] 77.0] 31.1 6 203/188 .2| 76.0 .8| 98.5 
24) 22 .O| 84| 77.9] 31.5 5 204/189.1] 76.4 .8| 98.9 
25| 23 4 85) 78.8| 31.8 4 205/190.1] 76.8 .7| 9913 
26| 24.11 09.7] sel 79.7] 32.2 4 206/191.0| 77.2 -6| 99 6 
27) 25. 1/1 87| 80.7] 32.6 ie 207/191 .9] 77.5 .6|100.0 
25] 26. .5|| 88] 81.6 .0 2 208/192.9] 77.9 268/248 5/100. 4) 
29] 26.9] 10.9]] 89] 82.5! 33.3 2 209|193.8] 78.3]! 269/249.4)100.8 
30| 27.8! 11.2]| 90] 83.4] 33.7 1] 56.2! 210/194.7| 78.7]| 270/250.3/t01 1 
311 28.7| 11.6] 91] 84.4] 34.1 .0| 56.6]| 211/195 .6| 79.0]! 271/251.3,101 .o! 
32| 29.7] 12.0]] 92] 85.3] 34.5 .9| 56.9]| 212/196.6| 79.4]| 272/252.2/101.9) 
33| 30.6| 12.4]] 93] 86.2] 34.8 .9| 57.3]] 213/197.5| 79.8] 273/253.1|102.3| 
34] 31.5] 12.7]] 94] 87.2] 35.2 .8| 57.7] 214/198.4] 80.2] 274/254.0/102.6, 
36| 32.5| 13.111 95! 88.1] 35.6 .7| 58.11 215/199.3! 80.5]| 275'255.01103.0. 
36| 33.4] 13.5|| 96] 89.0] 36.0 .6| 58.4|| 216/200.3] 80.9]] 276/255.91103 .4| 
37| 34.3| 13.9]| 97] 89.9! 36.3 -6| 58.8|| 217/201.2| 81.3]| 277/256.81103_8! 
38] 35.2} 14.2]| 98] 90.9] 36.7 .5| 69.2] 218/202.1] 81.7] 2781257.8/104.1 
39] 36.2] 14.6]| 99] 91.8] 37.1 .4| 59.6]] 219/203.1| 82.0] 279/258.7/104 .5 
40| 37.1] 15.0|| 100) 92.7] 37.5 3.3] 59.9]| 220/204.0] 82.4]} 280/259.6|104,9. 
41} 38.0] 15.4|| 101] 93.6] 37.8 .3] 60.3]| 221/204.9) 82.8]] 281/260.5/105.3, 
42} 38.9] 15.7]| 102] 94.6] 38.2 .2| 60.7|| 222/205 .8] 83.21] 282/261.5/105.6 
43} 39.9) 46.11] 103] 95.5] 38.6 .1| 61.1] 223/206.8| 83.5|] 283/262.4/106.0 
44} 40.8] 16.5]| 104] 96.4] 39.0 .1| 61.4|) 224/207.7| $3.91] 284/263.3,106.4 
45] 41.7] 16.9]| 105] 97.4] 39.3 3.0] 61.8]} 225/208.6] 84.3]] 285/264.2/106.8 
46} 42.7| 17.2]| 106] 98.3! 39.7 .9| 62.2|| 226/209.5| 84.7|| 286/265 .2/107.1 
47} 43.6] 17.6|| 107] 99.2] 40.1 .8| 62.6] 227/210.5| 85.0]| 287/266.1|107.5 
46} 44.5] 18.0]] 108/100.1] 40.5 .8| 62.9]| 228/211.4| 85.4/| 288/267.01107.9 
49} 45.4) 18.4] 109/101.1] 40.8 .7| 63.3] 2291212.3] 85.8]] 289/268.0/108.3 
50 46.4] 18.7]] 110/102.0| 41.2 6 230/213 .3] 86.2/| 290/268. 
51| 47.3} 19.1]| 111|102.9 WT 231/214.2| 86.5|| 291/269. 
52} 48.2 112/103.8 5 232/215.1| 86.9]| 292/270, 
53] 49.1 113/104.8 4 233/216.0| 87.3]| 293/271. 
54| 50.1 114|105.7 3 234/217.0| 87.7]| 294/272. 
551 51.0 115/106.6 3 235 417.9] 88.0]| 295/273. 
56| 51.9 116|107.6| 43. 2 236/218.8] 88.4|| 296/274 
57| 52.8 117)108.5 . A 237/219.7| 88.8]| 297/275 
58] 53.8 118/109.4) 44, 0 238/220.7| 89.2/| 298/276 
59] 54.7 119/110.3] 44. 0 239/221.6| 89.5|| 2991277 
60] 55.6 120/111.3] 45.0 9 240/222.5| 89.9]| 300/278.2!112.4 
Dist Dep. | Lat. |[Dist.| Dep. | Lat. (Dist.| Dep- | tat. |[Disty Dep. | Lat. 


For 68 Degrees. 


TABLE II. 
Difference of Latitude and Departure for 23 Degrees. 


. ||Dist Lat. eal Vs Lat. | Dep. 


56.2| 23.5] 121111.4| 47.3|| 18]|160.6 
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149)137 
150|138. 
151/139. 

152/139. 
153,140- 
154|141. 
155|142. 
156|143. 
157|144. 
158j145. 
159|146. 
160|147. 


161|148. 
162/149. 
163/150. 
164151. 
165{151. 
166 152. 
167153. 
168|154. 
169|155. 
170|156.5| 66. 
171|157 .4| 66. 

172|158.3! 67. 

173|159.2! 67 
174|160.2| 68. 
175|161.1| 68. 
176|162.0] 68. 
177|162.9] 69. 
178|163.8| 69. 
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222/204. 
223/205. 
224/206. 
225|207. 
226/208. 
2271209. 
228/209. 
229/210. 
230/211. 


231/212 .6 

232/213 .6 
233|214.5 
234/215 .4 
235/216.3 
236/217 .2 
237/218.2 
238/219.1 


284|261 .4/111. O}F 
285|262 .3/111.4/8 
286|263 .3\111.7/8 
987|264.2|/112.1)5 
288)265 .1/112.5)i 
289!266 .O|}112. 

290/266 .9)113. 


291/267 .9(113.7 
292/268 .8|114.1)) 
293/269 .7)114.5/5 
294|270 6114.98 
295/271 .5|115.3 
296|272 5/115 .7)5 
297/273 .4)116. 

298|274.3)116.4)§ 
179|164.8/ 69.9]| 239/220.0 299|275 .2/116.8 
180,165 .7] 70.3]| 240/220.9 300/276 .2)117.2 


Dist! Dep. | Lat. ||Dist| Dep. | Lat. |[Dist| Dep. ! Lat. | Dist. Dep. | Lat. ||Dist.| Dep. | Lat. 
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For 67 Degrees. 
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Difference of Latitude and Repanlaen for 24 piss 
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123/112. 
124)113. 
125)114. 
126/115. 
127|116, 
128|116. 
129|117. 
130/118. 


~131/119.7 
132/120 .6 
133)121.5 
134)122. 
135/123. 
136)124. 
137/125. 
138|126. 
139)127. 
140)127. 


~144128.8 
142/129. 
143/130. 
144/131. 
145/132. 
146)133. 
147/134. 
148/135. 
149/136. 
150|137. 


151)137. 
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156/142. 
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158|144.3 
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175}159. 
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208)190. 
209/190. 
210)191. 


211/192. 
212/193. 
213)194. 
214/195. 
215)196. 
216/197. 
217|198 ,2 
218|199.2 
219/200.1 
220/201 .0 
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222/202 .8 
223/203 .7 
923|204 -6 
225)205 .5 
226/206 .5 
227|207 .4 
228/208 .3 
229/209 .2 
230/210.1 


238/217 .4 
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240/219.3 
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~241/220.2 
242/221. 
243/222. 
244/222. 
245/223. 
246/224, 
247|225. 
248/226. 
219 227. 
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252/230. 
253/231. 
254/232. 
255/233. 
256/233. 
257/234. 
258/235. 
259/236. 
260|237. 


261/238 .4|106. 
262/239 .3|106. 


263/240 .3|107 
264/241 .2)107 


266/243 .0'108 
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282|257. 
283/258. 
284|259. 
285|260. 
286/261. 
287/262. 
288/263, 
289/264. 
290/264. 
291/265. 
292|266. 
293/267. 
204/268. 
205/269. 
296)270. 
297|271. 
298|272. 
2991273. 
300/274 .1|122. 
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272/248 .5|110. 
273/249 .4|111. 
274/250.3)/111. 
275/251 ..2\111. 
276)252 .1|112, 
2771253 1/112. 
278/254 .0/113. 
2791254 .9|113. 
280/255 .8/113. 
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TABLE IU. 
Difference of Latitude and Departure for 25 Degrees. 


.| Lat. | Dep. || Dist. Lat. | Dep. ||Dist. 
55.31 25.8! ; .1|| 1811164.0 


26.2 1.6|| 182/164.9 
26.6 -0|| 183/165 .9 
27.0 -4/| 184)166.8 
: 27.5 -8}} 185/16 
5) 27.9 -2/| 186/168 .6 
0) 28.3 -7|| 187)169.5 
4 28.7 -L|] 188}170.4 
8 29.2 54.5|| 189}171.3 
-2 29.6 54.9] 190}172.2 
6 30.0 4} 191}173.1 
I 30.4 -8|} 192/174.0 
5 30.9 -2)| 193]174.9 
9 31.3 -6|| 1944175.8 
3 31.7 -1}| 195}176.7 
8 32.1 -5|| 196/177 .6 
2 32.5 -9|| 197/178.5 
6 33.0 -3/| 198|179.4 
0 33.4 -7|| 199/180.4 
5 33.8 -2/| 200)181.3 
: 34,2 -6]| 201/182. 
34.7 -0}| 202/183 
35.1 -4|| 203}184 
35.5 -9|| 204}154 
35.9 -3/| 205/185 
36.3 -7|| 206|186 
36.8 -1}| 207/187 
37.2 5}! 208/188 
37.6 -O}} 209/189.4 
38.0 -4|} 210)190.3 
38.5 63.8}| 211/191.2 
38.9 64.2} 212/192.1 
39.3 64.7|| 213/193 
39.7 65.1]} 214)193 
40.1 65 .5|| 215|194 
40.6 65 .9}| 216)195 
41.0 66.4|| 217/196 
. 41.4 66.8|| 218}197 
: 41.8 67 .2|| 219198 
3.3 42.3 67 .6]| 220|199 
2 42.7 -O}| 221/200.3 
a | 43.1 -5]} 222/201 ,2 
0 a) -9]} 223/202 
.9 44.0 .3|| 224/263 
8 4 7} 225)203 
a I 8 .2|| 226)2 
6 -2 -6]| 227): 
5 6 -0|| 228/206 
4 a | -4|| 229/207 
3 5 -8]} 230/208 
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Difference of Latitude and Departure for 26 Degrees. 


Dist.| Lat. Dep. Dist.| Lat. | Dep. [Dist] Lat. Dep. ||Dist. 


“121/108 .8 
122)109.7 
123/110. 
124111. 
125)112. 
126/113. 
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128/115. 
129)115. 
130}116. 
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172|154.6 
173/155 .5 
174/156.4 
175|157 .3 
176)158 .2 
177/159.1 
178)160.0 
179|160.9 
180/161.8 
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171|153.7 


~181/162.7| 79.3 
182/163 .6) 79.8 
183/164.5| 80.2 
80.7 
81.1 
81.5 
82.0 
82.4 
82.9 
83.3 
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19})171. 
192|172. 
193}173. 
194)174. 
195|175. 
196|176. 
197|177.1 
198|178.0 
199|178.9 
200|179.8 
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84.2 
84.6 
85.0 
85.5 
85.9 
86.4 
86.8 
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229/205. 8|100. 4 
230/206 .7/100.8 


231/207 .6/101.3 
232/208 .5/101.7 
233/209 .4|102.1 
3|| 234/210.3/102.6 
7|| 235|211.2/103 .0 
-2|| 236/212.1)103.5 
-6]| 237/213 .0/103 .9 
0}) 238/213.9)104.3 
5|| 239)214.8/104.8 
9}| 240/215 .7|105 .2 


Lat. | Lat. | Dep. Dist.| Lat. | Dep. 


For 64 Degrees. 
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105.644 
106.1 
106.5 


“241 BiG. 6 
242/217 .5 
243/218 .4 5 
244/219 .3|107 .6 
245/220 .2)107 .4 
246/221.1)/107 .5 
247/222 .0|108.3 
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248|222 .9/108. 

249/223 .8)109. 

250/224 .7}109.6 
251/225 .6}110.0 
252/226 .5/110.5 
253/227 .4/110.9 
254/228 .3)111.3 
255/229 .2)111.8 
256/230 .1/112.2 
257(231.0/112.7 
25§|231.9}113.1 
2591232 .8/113.5 
260/233 ..7)114.0 


299/268 .7)131.1 
300/269 .6)131.5 
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TABLE II. | 43 
Difference of Latitude and Departure for 27 Degrees. aoe 


Dep. ||Dist.| Lat. | Dep. ||Dist. Dep. . 


109.4 
109.9} 
243/216 .5|110.3 
244|217.4/110.8 
245/218 .3|111.2 
246/219 .2|111.7 
247)220.1)112.1 
248/221 .0|112. 
249/221 .9}113.0 
250/222 .8/113..5 


251/223 (114. 
2521224 5/114. 
253/225 .4|114. 
254/226 .3/115. 
2551227 21115. 
256/228 1/116. 
257/229 .0}116. 
258/229 .9)117. 
259/230 8/117. 
260/231.7|118. 
261|232 .6|118.5 
2621233 .4|118.9 
263/234 .3/119.4 
2641235 .2|119.9 
265|236.1/120.3 
. 266/237 .0 
267|237 .9 
268/235 .8 
269/239.7'122.1 
270/240 6)122.6 
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141)125. 

142/126. 
143|127. 
144/128. 
145}129. 
146)130. 
147|131. 
148/131. 
149/132. 
150/133. 
151/134. 

152/135. 
153/136. 
154)137. 
155|138. 
156)139. 
157/139. 
158|140. 
159|141. 
160|142. 


161/143. 
1621144. 
163145. 
164,146. 
165}147. 
166/147. 
167|148. 
. 168|149. 
97.1 169/150. 
98.0 170)151. 
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98.9 171|152. 

99.8 172}153. 
113/100.7 173/154. 
174)155. 
175)155. 
176/156. 
177'157. 
178.158. 
179159. 


1801160. 240/213 .8|109.0]| 300/267. 


.| Lat. |[Dist. Dep. | Lat. ||Dist.| Dep. | Lat. ||Dist.| Dep. 
For 63 Degrees. 


273/243 .2/123.9 
274|244 .1|124.4 
275/245 .0|124.8 
276/245 .9|125 .3 
277/246.8|125.8 
278/247 .7/126.2'f 
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280|249 .5|127 .1 
281/250.4|127.6 
282/251 .3/128.0)§ 

283/252 .2|128 .5 

284/253 .0/128 .9 

285/253 9/129. 4) 

286/254 .8}129.8 

.1|| 287/255 .7|130.3)} 

228/203. .5|| 288/256 .6/130.7 

229)204. .0|| 289/257 .5|131.2 

230/204. .4|| 290/258.4]131.7 


291/259 3/132. 
292/260 .2|132. 
293/261 .1/133. 
294/262 .0\133. 
295 |262 .8/133. 
296/263 .7|134. 
297 |264 6/134. 
298 265 .5!135. 
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TABLE 1. 
Difference of Latitude and Departure for 28 Degrees. 
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| Lat. Dep. | Dist. Lat. ee Dist.| Lat. | Dep. ||Dist.| Lat. | Dep. 


123!108.6 .9|| 243/214.6/114.1 
124]109.5 : ‘ 244}215.4)114. 6 
125}110.4 
126|111.3 
127|112.1 
128/113.0 
129]113.9 
130]114.8 


131)115.7 
132}116.5 
133]117.4 
134}118.3 
135}119.2 
136}120.1 
137}121.0 
138}121.8 
139}122.7 
140}123.6 


~141)124.5 
142}125, 
143}126. 
144}127. 
145}128. 
146/128, 
147}129. 
148}130,. 
149/131, 
150}132, 
151133. 
152134. 
153}135. 
154}136. 
155}136. 
156|137. 
157|138. 
156]139, 
159}140. 
160j)141. 


~161(142.2 
162)143. 
163}143. 
164}144, 
165145. 
166}146. 
167147. 
168}148. 
169}149. 
17A}150. 


171)151. 

172|151. 
173)152. 
174}153. 
175|154. 
176|155. 
177156. 
178)157. 
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2291202. 
230/203. 


~ 231(204.0 
232/204. 
233/205. 
234/206 .6 
235/207. 
236/208. 
237 (209. 
238/210. 
239/211. 


179}158. . 
180)158. 240/211. 300/264 .9)140.8 


Dist. Dep. Lat. ||Dist.| Dep. | Lat. Tat. Dist Dep. | Lat. ||Dist. Dep. Lat. |'Dist.| Dep. | Lat. 
For 62 Degrees. 
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TABLE II. 
Difference of Latitude and Departure for 29 Degrees. 


Lat. | Dep. Dist.| Lat. Dep. || Dist. Lat. | Dep. } Dist.] Lat. 
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10.2 3 
10.7 8 
11.2 2 
11.6 7 
12.1 2 
12.6 7 
13.1 2 
13.6 7 
14.1 1 
14.5 6 
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231/202. 0|112.0 
232/202.9)112. 
233/203 .8)113. 
234/204.7/113. 
235/205 .5/113. 
236/206 .4/114. 
237/207 .3/i14. 
238 208. 2)115. 
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240/209. 9 116.4 
Dist} Dep. | Lat. ||Dist.| Dep. | Lat. ||Dist.| Dep. | Lat. ||Dist.} Dep. | Lat. || Dist.) Dep. | Lat. 


For 61 Degrees. 


Dist.| Lat. | Dep. 


1} 00.9} 00. 
OL.7| O1. 
02.6) O1. 
03.5) 02 
04.3) 02. 
05.2) 03. 
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TABLE II. 
Difference of Latitude and Departure for 30 Degrees. 


96.1 
97 .0 
97 .9 
98.7 

115| 99.6 
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116'100. 
117/11. 
118}102.2 
119]103.1 
120/103.9 
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iat.) Dep. | Lat. || Dist. Dep. Lat. Dist, Dep. | Lat. Dist.) Dep.| Lat. 
For 60 Degrees. 


52.8| 30.5|| 121/104.8 
53.7| 31.0|| 122|105.7 
54.6] 31.5|| 123/106.5 
55.4| 32.0]| 124|107.4 
56.3] 32.5|| 125|108.3 
57.2] 33.0]| 126|109.1 
$8.0] 33.5|| 127|110.0 
|| 53.9] 34.0]| 128/110.9 
59.8] 34.5|| 129/111.7 
60.6] 35.0]| 130/112.6 
61.5. 35.5]| 131/113.4 
62.4] 36.0]] 132/114.3 
63.2} 36.5] 133/115.2 
64.1] 37.0]| 134/116.0 
65.0| 37.5]| 135/116.9 
65.8] 38.0]| 136|117.8 
66.7| 38.5]| 137/118.6 
67.5} 39.0|| 138/119.5 
68.4) 39.5|| 139|120.4 
69.3] Ol] 140|121.2 
70.1] 40.5|| 141/122. 
71.0} 41.0|| 142/123.0 
71.9] 41.5|| 143/123.8 
72.7| 42.0|| 144|124.7 
73 .6| 42.5|| 145|125.6 
74.5| 43.0|| 146|126.4 
75.3] 43.5]| 147|127.3 
76.2| 44.0]| 148|/128.2 
77.1| 44.5]| 149/129.0 
45 .0|| 150|129.9 

.5|| 151!130.8 
152:131.6 

153/132.5 

154!133.4 

1551134 .2 

156/135 .1 

157|136.0 

158|136.8 
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181)156.8 
182/)157 .6 
183}158.5 
184/159.3 
185/160 .2 
186|161.1 
187|161.9 
188/162 .8 
189}163 .7 
190)164.5 


191)165. 
192|166. 
193|167. 
194)168. 
195|168. 
196)169. 
197170. 
198171. 
199172. 
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201)174.1/100. 
202)174 .9)101. 
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203/175 .S|101. 
204/176.7}102. 
205|177 .5}102. 
206/178 .4)103. 
207|179.3)}103. 
208|180.1/104. 
209/181.0 
210/151.9 
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212/183 .6 
213|184.5 
214/185 .3 
215/186 .2 
216)187. 
217/187 .9}108.5 
218}188 .8)109.0 
219|189.7 
220/190 .5/110.0 


222/192. 
223)193. 
224/194. 
225|194. 
226|195 .7 
227\196. 
228)197. 
229|198. 
230/199. 


Snonevroeunon 


231/200. 
232)\200.§ 
233/201. 
234/202. 
235/203. 
236/204 .- 
237 (205. 
238/206. 
239/207. 
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Dist.| Lat. | Dep. ||Dist.| Lat. | Dep. ||Dist.| Lat. | Dep. ||Dist.| Lat. | Dep. 
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242/209 .6/121.0 
243/210.4/121. 
244/211.3/122. 
2451212 .2/122. 
246/213 .0)123. 
247/213 .9|123. 
248/214.8/124, 
249/215 .6)124. 
250/216 .5|125. 
251/217 .4|125.5 
252/218 .2|126.0 
253/219 .1|126.5 
254/220 .0|127.0 
255/220 .8/127.5 
256/221 .7|128.0 
257/222 .6|128.5 
258)223 .4/129.0 
259/224 .3)129.5 
260)225 .2)130.0 


261|226,0|130. 

262/226 9131. 
263/227 .8|131. 
264/228 .6/132. 
2651229 5/132, 
2661230 .4|133. 
267/231 .2|133, 
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240.8/139. 
279/241 .6/139. 
280!242 .5|140 
281/243 .4 140.3 
282)244.2/141 0) 
283/245 .1/141.5 
284/245. 
285/246. 
286/247 .7 
287/248. 
288/249... 
289/250. 
290/251. 
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291/252. 
292/252. 
293/253. 
294/254 .6|147.0 
205/255 .5|147.5 
296|256 .3/148.0 
297|257. 
295/258.1/149.0 
299/258. 


240/207 .8|120.04 309/259.81150 .0 
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Difference of Latitude and Departure for 31 Degrees. 
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Dist.| Dep. | Lat. ||Dist. 
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none 


~121/103.7 
122/104. 


150\128. 


~151/129.4 
152/130. 
153/131. 
154/132. 
155|132. 
156/133. 
167|134. 
158)135. 
159/136. 
160\137. 


161|138. 
162)138. 
163)139, 
164|140: 
165/141. 
166|142. 
167)143. 
168/144, 
169)144. 
170\145. 


“171|146.6 
172)147. 
173|148. 
174,149. 
175)150. 
176)150. 
177151. 
178|152. 
179|153.4 
180/154. 3 
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181|155.1 
182|156.0 
183|156.9 
184|157.7 
185|158.6 
186|159.4 
187|160.3 
188}161.1 
189/162 .0 


“forlie3.7 7| 98.. 
192|164.6) 98. 
193]165.4) 99. 
194|166.3) 99. 
195|167.1/100. 


198/169.7/102. 
199|170.6|102. 
200/171.4|103. 


“211/180 .9/108.7 
212/181.7;109. 
213|182.6/109. 
214)183.4/110. 
215|184.3)110. 
216/185. 1)111. 
217|186.u111. 


219/187 .7|112. 
220/188 .6)113. 


221|189.4|113. 
222)190.3/114. 
223/191 .1)114. 
224/192.0/115. 
225|192 9/115. 
226/193 .7/116. 
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Lat. | Dep. Dist. Lat. Dep. Dist.| Lat. 
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261/223 .7|134.4 


Dep. | 
“2411206. aie 
242/207. 
243/208 .; 
244/209. 
245|210. 
246/210. 
247/211. 
248/212, 


| 2491213. 


250|214. 


251/215. 1/129. 3) 
2521216 .0|129.5)§ 
253|216.9]130.3 
254/217 .7|130.8 
255/218 .6)131.3 
256/219.4/131.S) 
257|220 .3|132.4 
258/221 .1/132.9 
259/222 .0/133 .4 
260/222 .9/133 .9)f 


262|224 
263/225. 
264/226. 
265|227. 
266|228. 
267/228. 
268/229. ‘ 
269/230 .61138 .5 
270/231 .4/139, f) 


"271/232 .3|139.6 
272)233.1|140.1 
273/234 .0)140.6 
274|234.9)14) .1 
275/235 .7|141 .6 
276/236 .6) 142.2 
277|237 .4)142 7 
278|238 .3/143 2 
279|239.1|143 .7 
280/240.0 0)144.2 


281/240 .9/144.7 


291/249 .4)149. 


292/250.3)150. 
293|251.2/150. 
294/252 .0)151. 
295|252.9)151. 
296|253.7)152. 
297|254.6/153. 
298|255 .4|153. 
299)256 .3}154. 
300/257. 1154. 


Dist. Dep. | Lat. Dist. Dep. | Lat. Dist. Dep. Lat. 
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241)204. ait 7 
242/205 .2,128.2 
243/206.1)128.8 
244|206.9}129.3 
245|207 .8{129.8 
246/208 .6]130.4 
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262) 222 ,2|138.8 
263/223 .0|139.4 
264/223 .9/139.9 
265|224 .7|140.4 
266 225 .6)141 0 


268/227 .3/142.0 
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-1) 93. 
178|151.0) 94. 
179 151.8; 94. ¢ ‘ 
180}152.6} 95.4|} 240/203 .5}127. 


Lat. ||Dist.| Dep. | Lat. ||Dist.| Dep. | Lat. ]Dist.] Dep. | Lat. 
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Difference of Latitude and Departure for 33 Degrees. 
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6 
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~26.0| 16.9 
26.8] 17.4 
27.7| 18.0 


25.5) 18.5 


29.4| 19.1 
19.6 
20.2 
20.7 
21.2 
21.8 


22.3 
22.9 


31.0 
31.9 
32.7 
33.5 


34.4 
35.2 
36.1] 23.4 
36.9) 24.0 
37.7| 24. 
38.6) 25.1 
39.4) 25.6 
40.3} 26.1 
41.1| 26.7 
41.9} 27.2 


42.8] 27.5 
43.61 28.3 
44.4| 28.9 
45.3] 29.4 
46.1] 30.0 
47.0) 30.5 
47.8) 31.0 
48.6| 31.6 
| 49.5| 32.1 
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141/118. 
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121|101.5 

122)102. 
123)103. 
124/104. 
125/104. 
126)105. 
127|106. 
128/407. 
129/108. 
130,109. 


'131/109.9 
132/110. 
133/111, 
134/112. 
135/113. 
136/114, 
137/114, 
138|115.7| 
139/116. 
140/117. 


142/119. 
143/119. 
144/120. 
145|121. 
146/122. 
147/123. 
148/124. 
149/125. 
150)125. 
126.6 
127.5] 82 
128.3] 83. 
129.2) 83 
130.0) 84 
130.8) 85 
131.7 
158|132.5 
159)}133.3 
160)134.2 


161|135.0 
162/135.9 
163/136 .7 
164|137.5 
165|138.4 
166|139.2 
167|140.1 
165/140.9 
169)141.7 
170/142 .6 


171|143.4 
172|144.3 
173)|145.1 
174|145.9 
175)146.8 
176/147 .6 
177}148.4 
178/149.3 
179|150.1 
180/151 ..0 
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154 
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“181/151 
182)152 
183|153 
184)154 
185}155 
186 
187 
188 


151.8! 98.6 
.6) 99. 
.5| 99. 
.3/100. 
.2)100. 
156. 
156. 
157. 
189]158. 
190/159. 


191/160. 


1¥2)161. 
193)161. 
194/162. 
195|163. 
196|164. 
197/165. 
198) 166. 
199/166. 
200}167. 


206|172. 
207/173. 
208/174. 
209|175. 
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277232. 
2781233 .3 
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281/235 .7 
282/236. 
“354.4 
.2}154.7]] 
285/239. 
286/239. 
.7|156.3 
.5}156.9 


288/237 
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287|240 
288/241 


289/242. 
290/243 .2| 
291/244. 
292/244. 
293/245. 
294|246.6 
295|247. 
296/248. 
297|249. 
298/249. 
299/250. 
300/251 .6 


Dist.| Dep. Dep. | Lat. ||Dist. | Dep. Lat. 
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-O|131. 
203.8 
244 204. 
245/205 .5| 
246/206. 
247/207. 
248|208. 
249/208. 
259/209. 
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211. 
212. 
213. 
255/213 .$ 
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257/215 .5| 
258/216. 
259/217. 
260/218. 
2611218.9 
262/219. 
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264/221. 
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267|223. 
268/224. 
269/225. 
226. 
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TABLE II. 
Difference of Latitude and Departure for 34 Degrees. 


Vist.| Lat. | Dep. ||Dist.| Lat. | Dep. |{Dist.| Lat. | Dep. |/Dist.| Lat. | Dep. ||Dist.) Lat. Dep. 


121]100.: 181{150.1/101.2|| 241/199.81134.8 
122}101.1 182]150.9)101.8|| 242/200 .61135 .3! 
123/102. 183}151.7/102.3]| 243/208 .5/135. 
124]102.8 184/152 .5!102.9}| 244/202 .3/136..: 
125)103. 185/153 .4/103 .5|| 245|203.1{137. 
12G]104.: 186/154 .2|104.0]] 246)203 .9)137 .6! 
127/105. 187/155 .0/104.6]| 247/204. 8/138. 
128]/L06. 188/155 .9/105.1]| 245/205 .6]/138.7 
429/106. 189}156.7|105.7|| 249/206. 4|139.2) 
130/107.8 190/157 .5,106.2|| 250)/207.3)139. 
131|108.6 191}158.3}/106.8]| 251/208. 1}140.4) 
132/109... 192}159.2/107 .4|| 252/208.9]140.9) 
133/110.: 193|160, .9|| 253/209. 7/141.5 
134j111. 194/160. .5|| 254/210. 
135|111. 195/161. .O|] 255/211. 
136|112. 196/162. .6}| 256/212.¢ 
137|113. 197/163. .2]| 257/213. 
138}114. 198|164. .7|| 258/213, 
139/115. 199|165. .3}| 259/214, 
140/116. 200/165. S|} 260/215. 
141/116. 201/166.6/112.4|| 261/216. 
142}117. 2021167 .5|113.0|| 262/217. 
143/118. 203/168.3/113.5]| 263/218. 
144/119. 204|169.1/114.1]| 264/218. 
145|120. 205/170. .6|| 265/219. 
146/121. 266/220. 
147|121. 267|221. 
148|122. , .B|| 268/222. 
149|123. 209/173 .3/116.9)| 269/223. 
150/124. 210)174.1/117.4)| 270/223.8 


151/125. 211/174.9|118.0|| 271/224.7 

152)126. 212)175 .8)118 .5|| 272/225. 

153/126. 213)176.6)119.1)|| 273/226. 

154/127. 274/227. 

155|128. 275/228. 

156129. 276/228, 

157|130. 277/229. 

158/131. 278/230. 

159/131. 279/231. 

160132 .6 280/232. 

221,183 .2}123 .6]| 281'233. . 
222/184 .0)124.1)]| 282/233 .8)157.7 
223/184 .9]124.7|| 283/234.6|158.3 
224/185 .7|125 .3]| 284/235 .4)158.8 
285/236 .3|159.4 

226/187. -4|| 236/237 .1)159.9 
227|188. 9) 287|237 .9/160.5 
228/189. -5/| 288|238.8)161.0 
229/189. -1|| 289/239 .6/161.6 
230/190. -6|| 290|240.4|162.2 


231/191 .5|129.2|| 291/241.2)162.7 
232/192, .7|| 292/242 .11163.3 
233/193. .3|| 293/242.9/163.8 
234/194. .9|| 294/243 .7/164.4 
235|194. .4|| 295/244 61165 .0 
236/195. .0]} 296/245 .4/165.5 
237(196 .5|132.5|| 297/246.2/166.1 
238/197. .1]| 298]/247.1|166.6 
239/198 .1)133.6|| 299|247.9/167 2 
240/199. .2I| 300/248 .7|167.8 


Dist.| Dep. . ||Dist.) Dep. | Lat. 
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170|140. 


171|141.8} 95. 
172/142 .6] 96. 
173)143 .4| 96. 
174/144.3) 97. 
175|145.1| 97. 
176/145 .9; 98. 
177|146.7| 99. 
178/147 .6} 99. 
179/148 .4|100. 
180/149 .2 2|100. 
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For 56 Degrees. 


| Difference of Latitude and Departure for 35 Degrees. 
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15. 
16.4 
17.2) 12 
18.0) 12. 
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Dist.) Lat. | Dep. ||Dist.| Lat. | Dep. ||Dist.) Lat. | Dep. |Dist.| Lat. (Pee: 


29.3% 


61| 60.0| 35.0|| 121| 99.1] 69.4 
62| 50.8] 35.61] 122] 99.9] 70.0 
63| 51.6] 36.1|| 123/100.8| 70.5 
64| 52.4| 36.7|| 124/101.6) 71.1 
65) 53.21 37.31] 125/102.4| 71.7 
66| 54.1] 37.9|| 126/103.2| 72.3 
67| 54.9| 38.4] 127|104.0| 72.8 
68| 55.7| 39.0! 128/104.9| 73.4 
69| 56.5] 39.6]| 1291105.7] 74.0 
70| 57.3| 40.2|| 130/106.5| 74.6 
71| 58.2} 40.7|| 131|107.3| 75.1 
72| 59.0| 41.3|| 132/108.1| 75.7 
73| 59.8] 41.9]| 133/108.9] 76.3 
74! 60.6| 42.4|| 134/109.8| 76.9 
75| 61.4] 43.0|| 135|110.6| 77.4 
76| 62.3! 43.6]| 136/111.4| 78.0 
77| 63.1| 44.2|| 137|112.2] 78.6 
78| 63.9| 44.7|| 138|/113.0] 79.2 
79| 64.7| 45.3/| 139|113.9] 79.7 
80| 65.5) 45.9|| 1401114.7] 80.3 
81| 66.4| 46.5|| 141/115.5| 80.9 
82| 67.2| 47.0|| 142/116.3| 81.4 
§3| 68.0] 47.6|| 143/117.1| 82.0 
84| 68.8! 48.2|| 144]118.0] 82.6 
85| 69.6| 48.8]| 145/118.8| 83.2 
86| 70.4] 49.3|| 146|/119.6| 83.7 
§7| 71.3] 49.9|| 147|120.4| 84.3 
88} 72.1] 50.5|| 148/121.2| 84.9 
89! 72.9] 51.0]] 149]122.1} 85.5 
90| 73.7] 51.6|| 159/122.9| 86.0 
91| 74.5| 52.2|| 151|123.7| 86.6 
92| 75.4| 52.8|| 152/124.5| 87.2 
93| 76.2] 53.3|| 153/125.3| 87.8 
94) 77.0, 53.9|| 154/126.1| 88.3} 
95| 77.8] 54.5|| 155/127.0| 88.9 
96| 78.6) 55.1|| 156/127.8! 89.5 
97| 79.5| 55.6|| 157|128.6| 90.1 
98| 80.3] 56.2|| 158/129.4] 90.6 
99| 81.1] 56.8]| 159/130.2| 91.2 
100! 81.9] 57.4|| 160|131.1| 91.8 
101! 82.7| 57.9|| 161|131.9| 92.3 
102) 83.6] 58.5]| 162/132.7| 92.9 
103| 84.4] 59.1] 163/133.5] 93.5 
104| 85.2) 59.7|| 164/134.3] 94.1 
105| 86.0] 60.2|| 165|135.2| 94.6 
106] 86.8] 60.8|| 166'136.0| 95.2 
107| 87.6] 61.4|| 167|136.8] 95.8 
108] 88.5] 61.9|| 168/137.6| 96.4 
109| 89.3] 62.5|| 169/138.4| 96.9 
110| 90.1| 63.11] 170/139.3] 97.5 
111| 90.9] 63.7|| 171/140.1; 98.1 

.7| 64.2|| 172/140-9| 98.7 

.6| 64.8 .7| 99. 

.4| 65.4 2 

.2| 66.0 

.0| 66.5 

.8) 67.1 

.7| 67.7 
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TABLE II. 


181\148.3|103.8 
182/149 .11104.4 
183/149 .9|105 .0 
184|150.71105 .5 
195/151 .5/106.1 
196|152.4|106.7 
187|153 .2|107.3 
188|154.0/107.8 
1891154.8|103.4 
190/155 .6|109.0 


mre | | ff | | | | 


191|156.5/109.6 

192/157 .3}110.1 
193|158.1}110.7 
194|158.9/111.3 
195|159.7)111.8 
196|160.6)112.4 
197|161.4)113.0 
198/162 .2)113.6 
199}163 .0)114.1 
200/163 .8}/114.7 


201)164 


6115. 
202/165 .5/115. 
203\166.3)116. 
204|167.1)117. 
205|167.9}117. 
206|168.7}|118 
207/169.6)118. 
208|170.4/119, 
QO917L. 21119. 
210)172.0 0}120. 


“Q11/172.8]121.0 
212173.7)121. 
213|174.5)122, 
214|175 .3|122. 
215|176.1/123. 
216)176.9}123. 
217|177.8)124. 
218|178 .6)125. 
219|179.4/125. 
220/180 .2/126. 


“221/181 .0/126.8 
222)181.9)127, 
223|182.7/127. 
224/183 .5/128, 
225/184 .3)129, 
226)185 .1)129. 
227/185 .9)130. 
228)156.8)130. 
229/187 .6|131. 
230)188.4)131. 
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231/189 .2/132. 
232)190.0)133. 
233/190 .9|133. 
234/191.7/134. 
235/192 5/134. 
236/193 3/135. 
237)194.1/135. 
238/195 .0|136. 
239/195 .8/137. 
240|196 .6)137. 


“961/213. 
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For 55 Degrees. | 


241/197. 4|338. 
242/198 .2\138. 
243/199. 1/139, 
244/199 .9/140. 
245/200 .7/140. 
246/201 .5|14). 
247/202 3/141. 
245/203 .1/142 
249/204 .0))42. 
250|204.8 


251 205.6 
252|206.4 
253|207 .2 
254/208 .1 
255/208 .% 
256|209 .7 
257|210.5 
258\211.: 
2591212. 
260/213. 
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262/214. 
2631215. 
261/216 .3}151.41§ 


Q65|217 .1]152.0 
266|217 . 9152.6 
267|218.7}153. 1! 
268/219 .5/153 .7) 
269)220.4'154.3, 
270/221.4 54.9 
“27 1|222 050. 
272|222 .8)/ 56 
273|223 . 6115 
274|224 4115 
275|225 .3|15 
2761226. 1]15 
277|226 .9}158 

227 715 
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TABLE II. 
Difference of Latitude and Departure for 36 Degrees. 
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251/203 .1\147.5|f 


291/235 .4 


—_—__ — 


241}195 .O)141. 
242/195 .8)142. 
243/196 .6)142. 
244/197 .4)143. 
245/198 .2)144. 
246/199 .0)144. 
247\199 8/145. 
248/200 .6)145. 
249/201.4|146. 
250/202 .3/146. 


Noch Oh 


oOo} oOo & @ 


252/203 .9)148.1 
253/204 .7|148.7 
254/205 .5|149 3 
255/206 3) 149.9 
256/207 .1)150.5 
257|207 .9) 151.1 
258|/208 .7|151.6 
259/209 .5|152.2 
260|210 .3)152.8 

4 


261\211 .2|153.4 


265/214.4|155. 
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282/228. 1/165. 
283/229 .0|166. 
284|229.8|166. 
2851230 .6| 167. 
286/231. 4/168. 
287/232 .2/168. 
288/233 .0 169. 
289/233.8,169. 
290|234 6|170. 


—_— 


i71. 
292/236 2/171 
2931237 .0172. 
2941237 .9|172. 
295|238.7|173. 
296239 .5/174 
297 240.3|174 
298/241.1)175. 
299/241 9/175. 
176. 


weYNMOoOSCMONOSUOCHWYR A OWD 


300/242 .7 


121| 97.9] 71.1]| 181/146.4|106.4 
122} 98.7| 71.7|| 182/147 .2|107.0 

123] 99.5] 72.3]] 183|148.1/107.6 

124|100.3| 72.9]| 184|148.9/108.2 

125|101.1| 73.5|| 185|149.7|108.7 

126|101.9| 74.1]] 186/150.5/109.3 

127|102.7| 74.6]] 187|151.3/109.9 

128}103.6| 75.2|| 188|152.1/110.5 

129|104.4| 75.8] 189/152.9/111.1 
130/105 .2} 76.4|| 190|163.7|111.7 

9 .4) 41.7|| 131/106.0] 77.0 154.5/112.3 

12| 09.7 2 132/106.8] 77.6 .3/112.9 
13| 10.5 a 133/107 .6| 78.2 -1/113.4 
14] 11.3 9 134/108.4| 78.8 .9]114.0 
15| 12.1 7 135|109.2| 79.4 8|114.6 
16| 12.9 5 136|110°.0) 79.9 6/115 .2 
17| 13.8 3 137|110.8] 80.5 .4/115.8 
18! 14.6 1 138/111.6] 81.1 .2/116.4 
19] 15.4 9 139112.5| 81.7 0/117 .0 
20| 16.2 iy) 140/113.3] 82.3 8/117 ..6 
21) 17.0) 12.3|/" 81} 65.5 141|114.1| 82.9 -6/118.1 
22) 17.8] 12.9]] 82] 66.3 142/114.9| 83.5 .4/118..7 
23| 18.6] 13.5|} 83] 67.1 143/115.7| 84.1 .2}119.3 
24|-19.4| 14.1]] 84] 68.0 144/116.5) 84.6 -0}119.9 
25} 20.2| 14.7|| 85] 68.8 145}117.3] 85.2 .8/120.5 
26! 21.0] 15.3|| 86 69.6 146/118 .1| 85.8 .7/121.1 
27| 22.8] 15.9|| 87] 70.4 147/118.9| 86.4 .5|121.7 
28 22.7) 16.5]| 88) 71.2 148|119.7| 87.0 .3/122.3 
29 23.5| 17.0] 89] 72.0 149]120.5| 87.6 .1]122.8 
30] 24.3] 17.6|] 90| 72.8| 52.9]| 150/121.4) 88.2 9/123 .4 
31] 25.1) 18.2|) 91] 73.6] 53.5] 151|122.2| 88.8 .7/124.0 
32| 25.9] 18.8] 92] 74.4] 54.1]| 152|123.0) 89.3 5/1246 
33| 26.7' 19.4]] 93] 75.2) 54.7|| 153/123.8] 89.9 3/125 .2 
34| 27.5| 20.0] 94] 76.0| 55.3/| 154/124.6| 90.5 -1]125.8 
35| 28.3] 20.6l] 95] 76.9] 55.8|| 155/125.4] 91.1 9126.4 
36| 29.1] 21.2|| 96] 77.7] 56.4]| 156/126.2| 91.7 .7|127.0 
37| 29.9] 21.7|] 97] 78.5] 57.0] 157/127.0| 92.3 75 6127.5 
38| 30.7| 22.3] 98] 79.3] 57.6] 158/127.8| 92.9 .4/128.1 
39] 31.6] 22.5|} 99! 80.1] 58.2] 159/128.6| 93.5 .2|128.7 
40| 32.4] 23.5]| 100 80.9] 58.8|| 160/129.4) 94.0 -0/129.3 
41| 33.2} 24.1]/ 101) 81.7, 59.4|| 161|130.3| 94.6 178 .8/129.9 
42| 34.0] 24.7|| 202] 82.5! 60.0] 162|131.1| 95.2 .6]130.5 
43| 34.8] 25.3|| 103] 83.3| 60.5/| 163/131.9] 95.8 -4(131.1 
44| 35.6) 25.9|| 104] 84.1] 61.1]| 164/132.7| 96.4 -2|131.7 
45| 36.4] 26.5] 105] 84.9] 61.7|| 165|133.5| 97.0 .0]132.3 
46| 37.2} 27.0) 106] 86.8] 62.3|| 166|134.3| 97.6 .8]132.8 
47| 38.0) 27.6|| 107] 86.6] 62.9]| 167/135.1] 98.2] 227/183 .6|133.4 
48| 38.8| 28.2]! 108] 87.4] 63.5]] 168|135.9] 98.7]] 228/184 .5/134.0 
49| 39.6| 28.8] 109] 88.2) G4.1}) 169]136.7| 99.3] 229,185 .3/134.6 
50| 40.5| 29.4]| 110] 89.0] 64.7|| 170|137.5| 99.9} 230)186.1]135 .2 
61; 41.3| 30.0] 111! 89.8) 65.2|/ 171/138.3|100.5]| 231/186 .9/135.5 
52| 42.1) 30.6|] 112! 90.6] 65.8] 172/139.2/101.1]| 232/187.7|136.4 
53] 42.9] 31.2|| 113] 91.4] 66.4]| 173|140.0)101.7]] 233/188 .5|137.0 
54| 43.7| 31.7|| 114] 92.2] 67.0|| 174]140.8|102.3)] 234/189.3/137.5 
55| 44.5| 32.3|| 115] 93.0] 67.6|| 175/141.6/102.9]] 235|190.1)138.1 
56] 45.3] 32.9] 116] 93.8} 68.2]) 176/142.4/103.5|| 236/190.9/138.7 
57| 46.1) 33.5]| 117] 94.7] 68.8|| 177/143 2|104.0]) 237|191.7|139.3 
58| 46.9] 34.1] 118] 95.5] 69.4]| 178|144.0|104.6]) 238/192 .5|139.¢ 
69| 47.7| 34 7] 119] 96.3] 69.9]) 179|144.81105 .2|] 239/193 .4|140.5 
60] 48.5] 35.3|| 120] 97.1] 70.51] 180|145.6105 .8|| 240'194.2/141.1 
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TABLE II. 
Difference of Latitude and el ediais for 37 eorae 


181|144.6|108.9|| 241/192.5 

182|145 .4|109.5]| 242/193. 

183/146. -1}} 243)194. 
184/146. -7|| 244/194 .¢ 
185/147. -3|| 245/195. 
186|148. .9|| 246/196. 
187|149. .5|| 247/197. 


$9.7/]| 126)100. 
.3]| L27;101. 


9|| 128)102 188/150 248/198 
5|| 129/103 189}150 -7|| 249/198 
5.9} 42.11 130/103. : 190}151. .3|| 250/199. 
56. -7|| 131|104.6| 78.8|| 191/152.5/114.9]|| 251/200. 
. -3|| 132/105. : 192/153 .3/115.5|| 252/201. 
169 220/175 
161 221|176 
102} 81 162 222\177 
103) 82 163 223)178 
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253/202. 
254/202. 
255|203. 
256/204. 
257/205. 
258/206. 


3.9]| 133/106. 
-5|| 134/107. 
eli] 135/107. 
-7|| 136/108. 
5.3]| 137/109. 
9] 138}110. 
.5|| 139/111. 

48.1)]} 140/111. 
“141 112.6 
142}113. 
143)114. 


193}154.1/116. 
194/154, 9/116. 
195|155.7|117. 
196/156 .5)118. 
197|157 .3|118. 
198)158.1)119. 
199/158 .9|119.8|| 259/206. 
200)159. 7120.4 260/207. 


~201|160.5|121.0|| 261/208. 
202/161 .3/121.6]| 262/209. 
263/210. 
264/210. 
265/211. 
266|212. 
267/213. 
268/214. 
269/214. 
270/215. 


271/216. 
272/217. 
273/218. 
274/218. 
275/219. 
276'220. 
277/221. 
278/222. 
279/222. 
280/223. 
281/224 .4/169. 
282/225 .2|169. 
283/226 .01170 
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203/162 , 1/122 .4 
204/162 .9|122. 
205/163 .7/123. 
206)164 .5|124, 
207|165 .3|124. 
208|166. 
209/166. 
210167. 


211/168. 

212)169. 
213)170. 
214|170. 
215/171. 
216/172. 
217|173. 
218)174. 
219|174. 


144/115. 
145/115. 
146/116. 
147/117. 
148/118. 
149|119. 
150/119. 


151120. 
152)121. 
153)122. 
154/123. 
155|123. 
156): 
157 
158 
159112 
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104) 53. 
105] 83. 
106] 84. 
107} 85. 
105] 56 
109] 87. 
110} 87. 


“W111 88.6 


112} 89. 
113} 90. 
115] 91. 


224178. 
225)179. 


1641: 
165 
166 ; 226\180. 
167|133. ; 227/181.: 
168/134. ; 228/182. 
169 : 1. 229/182. 
176|135. ‘ 230/183. 
231/184. 
232/185. 
233/186. 
234/186. 
235/187. 
236/188. 
237/189. 
238)190. 


285/227 .6/171. 
286/228 .4/£"2 
287/229 .2|172. 


AO OM mS 


289/230 9/173. 
290/231 .6/174. 


“291/232 .4/175.1 
292/233 .2|175.7 
293/234 .0|176.3 
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171 
172 
173 
174 
175 
176 ( 
177\141. 
L178} 142. 


. 
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JESSESSRE5: 


235 .6|177.5 
236.4/178.1 
237 .2|178.7 
238 .0|179.3 
119] 95. 179|143. 239/190. 238 .8|179.9 
120] 95, 180|143.8 240/191. 239 .6|180.5 


Dist. Dep. | Lat. |Dist.| Dep. Lat. Dist.| Dep. “Late Dist | Dep. Lat. |/Dist.| Dep. | Lat. 
For 53 Degrees. 
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116; 92. 
117} 93. 
118} 94. 
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54 TABLE II. 
Difference of Latitude and Departure for 38 Degrees. 


Dist.| Lat. | Dep. |/Dist.] Lat. | Dep. |Dist. Lat. | Dep. ||Dist.| Lat. | Dep. \Dist.| Lat. | Dep. 


ry 61] 48.1| 37.6]| 121] 95.3] 74.5 .4|] 241/189 .9)148.4 
.2|| 62] 48.9] 38.2|| 122] 96.1] 75.1 ot mre epel peg 
.8|| 63] 49.6] 38.8|| 123] 96.9] 75.7 .7|| 243|191..5|149.6 
.5| 64] 50.4] 39.4|| 124] 97.7] 76.3 .3]] 244/192.3/150.2 
.1| 65{ 51.2] 40.0|] 125] 98.5] 77.0 .9]] 245/193.1/150.8 
.7|| 66] 52.0] 40.6|| 126] 99.3] 77.6 .5]]| 246/193 .9/151.5 
.3|| 67| 52.8] 41.2|| 127/100.1| 78.2 .1}) 247/194.6|152.1 
.9|| 68] 53.6] 41.9]| 128]100.9] 78.8 .7|| 248/195 .4]152.7 
.5|| 69] 54.4] 42.5|| 129/101.7| 79.4 .4]) 249/196 .2/153.3 
.2|| 70] 55.2} 43.1|| 130/102.4] 80.0 .0]] 250/197 . 0/153 .9 
3.8] 71] 55.9] 43.7]) 131/103.2] 80.7 .6|| 251/197 .8]154.5 
.4|| 72] 56.7] 44.3]|] 132/104.0] 81.3 .2]| 252/198 6/155 ..1 
.0|| 73] 57.5] 44.9]! 133/104.8] 81.9 .8|} 253/199.4|155.8 
.6|| 74] 58.3] 45:6] 134|105.6|} 82.5 .4|} 254/200 .2|156.4 
.2|| 75] 59.1] 46.2|| 135/106.4] 83.1 .1]] 255|200.9|157.0 
9.9] 76] 59.0] 46.8] 136|107.2| 83.7 .7|| 256/201 .7|157 .6 
.5|| 77} 60.7] 47.4|| 137|108.0] 84.3 .3|| 257|202.5|158.2 
.1| 78] 61.5} 48.0/} 138/108.7] 85.0 .9]] 258/203 .3/158.8 
.7|| 79] 62.3) 48.6]| 139]109.5| 85.6 .5]| 259/204. 1/159.5] 
.3|| 80} 63.0} 49.3]| 140]110.3] 86. 2i7 .6|123..1|} 260|204.9]160.1 
9|| SI} 63.8] 49.9]| 141}111.1] 86.8 .4|123..7|| 261/205 .71160.7| 
5|| $2] 64.6] 50.5|| 142/111.9] 87.4 59.2)124.4|| 262/206.5/161.3 
2|| 3] 65.4] 51.1|] 143/112.7] 88.0 .0125.0]] 263/207. 9 
8\| 84] 66.2} 51.7!| 144/113.5| 88.7 .8|125 .6]] 264/208 .0/152.5 
4|| 85] 67.0] 52°3]| 145]114.3] 89.3 126 .2]} 265/208.8|163 .2 
O|| 86] 67.8] 52.9]|| 146|115.0| 89.9 3/126.8]] 266209. 6/163 .8 
G6] 87| 68.6] 53.6|| 147/115.8] 90.5 .1|127.4]] 267/210.4|164.4 
2|| 8s! 69.3] 54.2] 148/116.6) 91.1]] 208]163.9]128.1]} 268/211 .2|165.0 
9|| sol 70.1] 54.8]| 149l117.4] 91.7] 209]164.7/128.71| 2691212. 6 
.5|| 90} 70.9] 55.4]| 150|118.2) 92.3]] 210]165.5/129.3]] 270212. 2 
-1||” 91] 71.7] 56.0/) 151]119.0| 93.0]! 211|166.3'129.9]] 271/213 .6|166.8 
7|| 92] 72.5] 56.6]| 152|119.8| 93.6]} 212/167.1130.5]] 272/214, 
3|| 93] 73.3] 57.3]] 153|120.6) 94.2]] 213/167.8131.1|] 273/215. 
.9|| 941 74.1] 57.9]| 154]121.4] 94.8]| 214|168.6 131.8] 274/215. 
.5]| 95] 74.9] 58.5|| 155/122.1] 95.4]| 215]/169.4 132.4] 275/216. 
.2|| 961 75.6] 59.1]| 156/122.9] 96.0|| 216|170.2 133.0] 276|217.5|169. 
.8|| 97] 76.4] 59.7]| 157|123.7| 96.7|| 217|171.0133.6]] 277|218.3)]170.5 
3.4|| 98] 77.2] 60.3]| 158]124.5| 97.3]] 218]/171.8134.2|| 278/219.1|171.2 
.0|| 99] 78.0] 61.0]| 159|125.3] 97.9|| 219|172.6 134.8] 279/219.9)171.8 
-6|| 100] 78.8] 61.6]| 160|126.1| 98.5|| 220]173.4135.4]| 280/220 .6|172.4 
25.2|| 101| 79.6) 62.2|| 161/126.9) 99.1|| 221)174.2 136.1]| 281/221.4|173.0 
.9]| 102} 80.4] 62.8]| 162]/127.7]} 99.7|| 222]174.9 136.7]| 282/222.2|173 .6 
.5|| 103} 81.2] 63.4|| 163/128 4)/100.4|| 223]175.7 137. 3 283223 .0/174.2 
.1]/ 104] 82.0] 64.0]! 164/129.2'101.0|| 224]176.5 137.9]} 284223, 8|174.8 
.7|| 105] 82.7| 64.6 165|130.0 101 .6 225(177.3 138.5|| 285924.6|175.5 
3.3] 106] 83.5] 65.3] 166/130.8)102.2]} 226/178.1 139. 1|| 286/225.4|176.1 
3.9] 107] 84.3] 65.9] 167|131.6(102.8|] 227/178.9 139.8|| 287226.21176.7 
.6|| 108] 85.1] 66.5] 168 132.4/103.4 228]/179.7 140.4|| 288/226 .9]177.3 
.2|| 109] 85.9] 67.1]} 169]133.2/104.0]| 229]180.5 141.0]| 289'227.7/177.9 
.8|| 110] 86.7] 67.7|| 170|134.0/104.7|| 230]181.2 141.6] 290.228.5]178.5 
4|) 111| 87.5] 68.3]! 171/134.7|105.3|| 231/182.0 142.2)| 291 229.3]179.2 
.0]] 112] 88.3} 69.0} 172/135 .5|105.9|| 232/182.8 142.8]| 292:230.1|179.8 
.6]| 113] 89.0] 69.6] 173|136.3|106.5]| 233]/183.6143.4|| 293230.9]180.4 
.2|| 114] 89.8] 70.2]} 174/137.1|107.1]| 234]184.4 144.1]] 294.231. 7|181.0 
.9]| 115] 0.6] 70.8]| 175/137.9|107.7|| 235/185 .2 144 “| 295|232..5|181.6 
.5|| 116| 91.4] 71.4]} 176|188-7/108.4|| 236]/186.0 145.3]] 2961233 .3|182.2 
1] 117] 92.2] 72.0|} 177/139.5]109.0| 237]186.8 145.9]| 297/234. 0]182.9 
.7|| 118] 93.0] 72.6] 178/140.3|109.6!| 23¢]157.5 146.5]] 298'234 81183 .5 
.3]| 119] 93.8] 73.3)) 179|141.1/110.2|| 239]188.3 147.1] 299/235 .6]184.1 
.9]/ 120] 94.6] 73.9]] 180,141.8|110.8|! 240}189.1147.5]| 300236.41184.7 


Dist.| Dep. “Lat. Dist Dep. | Lat. | Dist. Dep. | Lat. ||Dist.| Dep.} Lat. 


For 52 Degrees. 


ee 


TABLE II. 56 | 


Difference of Latitude and Departure for 39 Degrees. 

Dist.| Lat. | Dep. ||Dist. Lat. | Dep. | Disf.| Lat. | Dep. ||Dist| Lat. | Dep. Dist. Lat. Lat. | Den, , 
1} 00.8) 00.6 61 ATA 4 38.4]| 121} 94.0] 76.1)} 181/140.7 113.9] 241 187.3 3)151, 7 2 
2) 01.6) 01.3 62} 48.2) 39.0)]] 122) 94.8) 76.8)} 182)141. -ALTS.5 242)188 .14152.3 
3} 02.3] 01.9 63| 49.0) 39.6]| 123) 95.6] 77. 183)142.2)115.2]] 243)188.8]152.9) § 
4) 03.1] 02.5 64| 49.7) 40.3]| 124] 96.4] 78.0/]| 184)143.0)115.8]] 244/189.6]153 6) 8 
5| 03.9] 03.1 65| 50.5] 40.9]| 125] 97.1] 78.7] 185/143.8}116.4)| 245 190.4|154 2) 3 
6|. 04.7) 03.8 66} 51.3) 41.5]| 126} 97.9) 79.3)} 186)144.51117.1)| 246 191 .21154 S| 
7| 05.4) 04.4 67) 52.1] 42.2]| 127] 98.7] 79.9!| 187|145.3/117.7|] 247|192.0/155 .4) 
8} 06.2) 05.0 68} 52.8} 42.8]| 128] 99.5} 80.6]] 188/146.1)/118.3]] 248/192.7/156.1) f 
9} 07.0) 05.7 69] 53.6] 43.4]| 129}100.3] 81.2)| 189)146.9/118.S)]| 2491193 .5/156.7) § 
10] 07.8) 06.3 70| 54.4) 44.1;| 130)101.0] 81.8!) 190/1e7.7/119.6 250|194. LA 

71) 55.2) aa.74 131/101.8| 82.4)] 191/148.4/120.2]] 251/195.1]158.@ § 

72| 56.0| 45.3|| 132/102.6| 83.1] 192/149.2/120.8 6 

73) 56.7] 45.9]| 133 104.1 83.7]] 193)/150.0]121.5 ‘| 
74] 57.5) 46.6|| 134/104, 1| 84.3]} 194/150.8/122.1 
75| 58.3, 47.2]} 185|104.9) 85.0) 195)/151.51122.7 
76| 59.1] 47.8]| 136)105.7| 85.6]| 196/152.3/123.3 
77) 59.8] 48.5|| 137|106.5} 86.2)| 197|153.1|124.0 
78] 60.6] 49.1]] 138|107.2) 86.8]} 198/153 .9)124.6 
js 79] 61.4) 49.7]| 139|108.0] 87.5]] 19u)154.7/125 .2 

j 80} 62.2] 50.3]| 140)108.8} 88.1]| 200/155.4/125.9 

‘ Lee SI] 62.9] 51.0 “141 109.6 88.7 “201 156.2 2 126.5 5 261 202 .8/164.3 
-1j) 13.8 82 63.7) 51.6]| 142/110.4) 89.4|| 202)157.0/127.1]] 262)203 .6)164. 9 

.9| 14.5 83! 64.5] 52.2|| 143/111.1} 90.07 203)157.8/127.8, 
Th Lov] 84] 65.3] 52.9]| 144/111.9) 90.6)} 204)158.6)128.4 
vat £5. 7 §5| 66.1| 53.5]| 145]/112.7| 91.3]] 205)159.3/129.6 
2} 16.4 86] 66.8] 54.11] 146/113.5| 91.9)| 206/160.1)129.6 
.0O}| 17.0 87| 67.6) 54.8]| 147|114.2) 92.5]| 2067/160.9}130.3 
.8| 17.6 88] 68.4] 55.4]] 148/115.0] 93.11} 208/161.6)130.9 
St) a aa 89} 69.2) 56.0]| 149)115.8] 93.8]| 209/162.4)131.5 
.3} 18.9 90} 69.9] 56.6)| 150/116.6}) 94.4)] 210)163.2/132.2 
1] 19.5|] 91] 70.7] 57.3 151/117 3} 95.0]| 211/164.0|132.8 
.9| 20.1 92] 71.5] 57.9]| 152,;L18.1) 95.7)} 212)164.8)]133.4 
5.6) 20.8 93| 72.3} 58.5]| 153/118.9) 96.3]} 213/165 .5]134.0 
.4| 21.4 94; 73.1] 59.2]| 154/119.7/ 96.9] 214/166.3]134.7 
Bie 2es0 95) 73.8] 59.8]] 155/120.5) 97.5|| 215)167.1/135.3 
-0|, 22.7 96| 74.6] 60.4]} 156)121.2; 98.2)| 216/167 .9)135.9 
8; 23.3 97| 75.4| 61.0] 157/122.0] 98.8]] 217168.6/136.6 
-5} 23.9 98| 76.2] 61.7]|| 158|/122.8] 99.4)! 216)169.4/137.2 
.3| 24.5 99| 76.9} 62.3]] 159)123.6)100.1]} 219 170.2)137 .8 
i 21) 100] 77.7] 62.9]| 1601124.3/100.7)| 220/171.6)138.5 


120} 93. 
a Dep. | Lat. 


ee _ 


For 51 Dears 


101| 78.5| 63.6|| 161/125.1/101.3|| 221/171.7/139.1|| 281 

102} 79.3] 64.2]} 162/125 .9/101.9]| 222)172.5)139.7 

103] 80.0] 64.8]} 163/126.7/102.6)]| 223/173 .3/140.3 

104] 80.8] 65.4]} 164/127 .5/103.2)}; 224/174.1/141.0 

105} 81.6] 66.1]| 165)128.2/103.8]| 225)174.9)141.6 

106) 82.4] 66.7|| 166/129.0)104.5)| 226/175 .6)142.2) ; 

107] 83.2] 67.3]| 167)129.8)105.1)| 227|176.4/142.9|| 287/223 .0|180.6 

108} 83.9] 68.0|} 168/130.6|105.7)]| 228/177 .2)143..5|| 288/223 .8)181 2 

109| 84.7] 68.6|| 169/131.3)106.4)| 229/178 .0)144.1)| 289/224.6]181 9 

110} 85.5] 69.2|| 170)132.1)107.0|| 230/178.7/144.7}, 290/225 .4|182.5}| 

111| 86.3! 69.9]|| 171|132.9|107.6|| 231/179.5 291/226. 1/183 .1' 

112) 87.0) 70.5] 172/133.7/108.2)| 232/180. 292/226 .9/183.8) 

113] 87.8} 71.1]] 173}134.4/108.9)]| 233/181. 293/227 .7|184.4 

114] 88.6] 71.7}} 174/135.2/109.5]; 234/181. 294)228 .51185 .0 

115| 89.4] 72.4|} 175]136.0/110.1]| 235/182. 295/229 .3/185 .6 

116} 90.1) 73.0)| 176/136.S/110.8)| 236/153. 296/230 .0)186.3 

117| 90.9) 73.6}| 177|137.6)111.4|| 237/184. 297/230 .8)186.9 

118} 91.7] 74.3]| 178)138.3/112.0)| 238/185. 298/231 .6|187.5 

119; 92.5) 74.9)| 179/139.1/112.6]| 239)185. 299}232 .4/188 .2 
3! 75.5]| 180/139.9)113.3)| 240/186. _300 233.1/188.8 


7 


56 TABLE Hl. 
Difference of Latitude and Departure for 40 Degrees. 


Dist.| Lat. | Dep. ||Dist.| Lat. | Dep. Dist, Lat. | Dep. |\Dist.| Lat. | Dep. ||Dist.| Lat. ; Dep. 
I 00.8) 00.6] 61) 46.7| 39.2]| 121! 92.7| 77.5 “1S1|138.7/116.3|| 241/184 .6/154.9 
2' O1.5| 01.3]} 62! 47.5} 39.9]| 122) 93.5] 78.4]| 182/139.4/117.0}| 242}185 4/155. 6} 
3] 02.3] 01.9]] 63] 48.3) 40.5]! 123] 94.2) 79.1]] 183/140.2]117.6|} 243]186.1 156.2) 
4 03.1] 02.6]| 64) 49.0) 41.1]| 124) 95.0) 79.7|| 184/141 .0/118.3)) 244/186 .9)156.¢) 
5) 03.8] 03.2|| 65] 49.8| 41.8] 125} 95.8] 80.3] 185}141.7|118.9]| 245|187.7/157.5; 
6) 04.6 03.9]| 66) 50.6) 42.4]; 126; 96.5) 81.0)| 186)142.5/119.6|| 246)188.4 158.1 
7 05.4" 04.5}| 67) 51.3) 43.1]| 127| 97.3) 81.6)]| 187)143.3)120.2)) 247/189.2|158.8 
8} 06.1) 05.1)] 68) 52.1, 43.7]) 128) 98.1| 82.3]| 1881144.0)120.8)| 248/190 .0/159.4 
9} 06.9} 05.8]} 69) 52.9) 44.4]| 129] 98.8) 82.9]| 189)144.8)121.5)| 249/190.7/160.1 

10, 07.7| 06.4]| 70) 53.6) 45.0)) 130) 99.6) 83.6)| 190/145 .5)122.1)) 250/191 .5/160.7 
1ij 08.4] 07.1]! 71) 54.4] 40.6|/ 131/100.4| 84.2|| 191]146.3|122.5]| 251]192.3/161.3 
12} 09.2) 07.7|| 72) 55.2) 46.3|| 132/101.1) 84.8)| 192)147.1)123.4]) 252)193 .0)/162.0 
13) 10.0) 08.4)| 73) 55.9) 46.9]| 133/101.9) 85.5)| 193)147.8)124.1)) 253/193 .5}/162.6 
14/ 10.7] 09.0]) 74) 56.7) 47.6]) 134)102.6] 86.1]) 194)148.6/124.7)| 254)194.6/163.3 
15) 11.5) 09.6]| 75) 57.5) 48.2] 135|103.4] 86.8]| 195/149.4)125 .3]/ 255/195 .3)163.9 
16, 12.3) 10.3]) 76) 58.2) 48.9)| 136)104.2) 87.4|| 196)150.1/126.0)| 256/196.1)164.6 
17); 13.0} 10.9]) 77) 59.0) 49.5]| 137|104.9| 88.1) 197/150.9)126.6]| 257|196 .9)165 .2 
18) 13.8) 11.6]) 78| 59.8) 50.1] 138)105.7| 88.7]) 198)151.7/127.3]| 258)197 .6|165.8 
19) 14.6) 12.2)| 79) 60.5, 50.8]| 139)106.5} 89.3}]| 199)152.4/127.9)| 259/198 .4|166.5 
20; 15.3] 12.9]| 80) 61.3] 51.4]| 140)107.2) 90.0]| 200)153.2/128.6]| 260/199. ol 
21| 16.1) 13.5]! 8%) 62.01 52.1]| 141 108.0] 90.6] 201|154.0|129.2|| 261|199.¢ 8 
22) 16.9) 14.1]| 82) 62.8] 52.7]| 142)108.8) 91.3]| 202)/154.7/129.8)| 262/200. 4 
23) 17.6) 14.8]| 83) 63.6) 53.4]) 143/109.5| 91.9]| 203)155 .5)130.5)| 263/201. : el 
24; 18.4) 15.4]| 84) 64.3] 54.0]| 144/110.3] 92.6]| 204)156.3/131.1)| 264/202. mY i 
25! 19.2) 16.1]/ 85) 65.1) 54.6]/ 145/111.1]) 93.2|| 205/157 .0)131.8)) 265/203. 3 
26; 19.9) 16.7|| 86) 65.9) 55.3]) 146/111.8] 93.8)| 206/157.8)132.4)) 266/203. 0 
27! 20.7| 17.4]| 87| 66.6) 55.9]| 147)112.6] 94.5]) 207/158.6/133.1]) 267|204.; 6 
28] 21.4) 18.0)| 88) 67.4) 56.6)| 148)113.4) 95.1]| 208/159.3/133.7}| 268/205 .3/172.3 
29) 22.2) 18.6]| 89) 68.2) 57.2] 149|114.1] 95.8]/ 209/160.1/134.3)| 269|206.1)172.9 
30} 23.0) 19.3]} 90) 68.9) 57.9)| 150)114.9} 96.4]| 210/160.9/135.0)| 270|206. op se 
31) 23.7! 19.9) 91] 69.7] 58.5|| 151/115.7] 97.1|| 211|/161.6/135 .6|| 271|207.6)174.2 
32, 24.5) 20.6]| 92) 70.5) 59.1]| 152)116.4| 97.7]| 212/162.4)136.3)| 272|208. 8 
33} 25.3) 21.2)| 93) 71.2) 59.8)]) 153)117.2| 98.3]| 213)163.2/136.9]| 273/209. 5 
34| 26.0} 21.9]) 94) 72.0) 60.4]| 154/118.0) 99.0] 214/163 .9)137.6)| 274/209. a6. 
35| 26.8} 22.5]| 95) 72.8) 61.1)| 155)118.7| 99.6]) 215)164.7)138.2)) 275/210.7 8 
36) 27.6) 23.1]) 96] 73.5! 61.7]| 156)119.5|100.3)]| 216/165.5)138.8]) 276/211. aig 4 
37) 28.3) 23.8)| 97| 74.3) 62.4]| 157/120.3/100.9]| 217|166.2)139.5)| 277/212.2,178.1 
38) 29.1] 24.4/| 98) 75.1) 63.0] 158/121.0/101.6]| 218|167 .0/140.1]| 278)213.0/178.7 
39) 29.9) 25.1) 99) 75.8) 63.6]| 159)121.8)102.2]| 219)167.8]140.8)| 279/213.7/179.3 
40) 30.6) 25.7)| 100] 76.6) 64.3]| 160|122.6)102.8]| 220/168 .5|141.4]| 280/214 .5|150.¢ 
41| 31.4) 26.4|/ 101] 77.4] 64.9]! 161/123 .3/103.5]] 221/160.3/142.1]| 281|215 .3|180.6 
42) 32.2) 27.0)| 102) 78.1) 65.6]| 162/124.1/104.1]| 222)170.1/142.7|| 282/216.0)181.3 
43) 32.9) 27.6)) 103] 78.9) 66.2]/ 163|124.9|104.8]| 223/170.8/143.3]| 283/216.8)181.9 
44) 33.7) 28.3) 104) 79.7) 66.8/| 164/125 .6)105.4|| 224/171 .6)144.0|| 284/217 .6)182.6 
45, 34.5) 28.9]) 105) 80.4) 67.5/| 165/126 .4/106.1|| 225/172.4)144.6]) 285)/218.3)183.2 
ic) 35.2) 29.6)| 106] 81.2) 68.1]| 166)127.2,106.7|| 226/173.1}145.3}| 286/219.1)183.8 
47| 36.0) 30.2)| 107] 82.0) 68.8]| 167|127.9/107.3)]| 227/173 .9]145.9)) 257|219.9)184.5 
48| 36.8) 30.9]| 108} 82.7) 69.4|| 168|128.7|108.0]| 228)174.7/146.6]| 288!220.6)185 .1 
49| 37.5) 31.5)| 109] 83.5] 70.1]! 169/129.5|108.6]| 229/175 .4/147.2)| 289/221 .4|185.8 
50) 38.3! 32.1]| 110) 84.3) 70.7]| 170)130.2/109.3}| 230)176.2)147.8]| 290/222 .2|186.4 
51) 39.1] 32.8] 111] 85.0] 71.3]| 171|131.0|109.9]| 231|177.0 "291/222 .9/187.1 
52} 39.8) 33.4)| 112] 85.8) 72.0]| 172)131.8/110.6 232/177. ~1j| 292|223 .7|157.7 
53} 40.6] 34.1)/| 113) 86.6) 72.6)| 173)/132.5|111.2|| 233,178 .5/149.8 293/224 .5 188.3 
54) 41.4) 34.7]! 114] 87.3] 73.3]| 174/133 .3/111.8 234)179.3 150. 4}| 294/225 .2)159.0 
55) 42.1) 35.4|/ 115} 88.1) 73.9]| 175)134.1)112.5)| 235)180.0/151.1|| 295|226.0/189.6 
56) 42.9) 36.0)| 116) 88.9) 74.6)| 176)134.8/113.1 236,180 8}151.7]| 296/226.7|190.3 
67) 43.7) 36.6)! 117] 89.6) 75.2)| 177|135.6)113.8 237 181 .6}152.3 mab 5|190.9 
55] 44.4] 37.3)) 118] 90.4) 75.8]| 178)136.4/114.4]) 238/152 .3/153.0]| 298)/228.3/191.6 
59) 45.2) 37.9]) 119) 91.2) 76.5]| 179)137.1/115.1], 239|/163.1/153.6]| 299/229.0)192.2 
€)); 46.0) 38.6/| 120) 91.9) 77.1]| 180)137.9/115.7]| 240183 .9|154.3 229 .8)192.8 
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~ 181/136 .6/118.7 
182|137 .4}119. 
183/138 .1)120. 
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185}139.6)121. 
186/140 .4|122. 
187|141,1)122. 
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205/154,7|134. 
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207/156 .2|135, 
208/157 .0|136. 
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213)160.8)139. 
214/161.5)140. 
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216/163 .0)141. 
217/163 .8)142. 
218}164.5/143. 
219!165 .3/143. 
220/166 .0|144, 


221/166.8|145. 
222/167 5/145. 
223/168 .3|146. 
224|169.1|147. 
225/169.8|147. 
226/170 .6|148. 
227/171.3/148. 
228|172.1|149. 
229/172 .8|150. 
230/173 .6|150.9 
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233/175 .8/152. 
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254/191 .7|166.6 
255/192 .5\167 .3 
256)193 .2)168 .0 
257\194.0/168. 
258,194 .7|169.3 
259}195 .5|169.9 
260/196 .2|170.6 
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264|199. 
265/200. 
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272/205 .3|178.4 
273/206 .0/179.1 
274/206 .8/179.8)| 
275/217 .5|180.4 
276|2(8.3/181.1 
277'209. 11181 .7 
278/209 .8|182.4 
279/210 .6|183 .0 
280/211.3|183.7 


~281/212.1/184.4 
282|212.8|185 0 
283/213 .6/185 .7 
284/214 .3/156.3 
285/215 .1|/187.0 
286/215 .8/187 .6 
287/216 .6/188 .3 
288/217 .4/188.9 
289/218 .1/189.6 
290/218 .9/190 .3 


“297/219 .6|190.9 
292|220.4|191 
293/221 .1|192 
294/221 .9{192 
295/222 .6|193 
296/223 .4|194 
297|224 .1)194 
298|224 .9|195 
299|225 .71196 
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~181|134.5 5}121.1 


182/135 .3|121.8 
183}136 .0)122.5 
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1] 00.7| 00.7/| 61 “40.8 

2} 01.5] 01.3/| 62! 46. 5 

3} 02.2) 02.0/| 63) 46. 2 

4| 03.0} 02.7|| 64] 47. 8 

5| 03.7] 03.3]| 65! 48. 5 

6| 04.5| 04.0]| 66] 49. 2 

7| 05.2) 04.7|| 67] 49. 8 

8| 05.9] 05.4|| 68] 50. 5 

9| 06.7] 06.0]| 69] 51. 2 

10} 07.4! 06.7|| 70! 52. 5.8 
11| 08.2] 07.4|| 71 52.8) 47.5 
12} 08.9] 08.0]| 72] 53.5) 48.2 
13] 09.7] 08.7] 73 54.2| 48.8 
14] 10.4] 09.4|] 74| 55.0; 49.5 
15| 11.1] 10.0]| 75] 55.7] 50.2 
16] 11.9) 10.7]| 76] 56.5] 50.9 
17| 12.6] 11.4]| 77] 57.2] 51.5 
18] 13.4] 12.0]| 78] 58.0] 52.2 
19] 14.1] 12.7|| 79} 58.7] 52.9 
20| 14.9] 13.4|| 80! 59.5] 53.5 
21; 15.6] 14.1]| S81} 60.2) 54.2 
22| 16.3] 14.7|| 82] 60.9] 54.9 
231 17.1] 15.4]| 83] 61.7] 55.5 
24| 17.8] 16.1|| 84| 62.4] 56.2 
25| 18.6| 16.7|| 85| 63.2] 56.9 
26| 19.3] 17.4|| 86] 63.9] 57.5 
27| 20.1) 18.1|] 87] 64.7] 58.2 
28| 20.8] 18.7|| 88] 65.4] 58.9 
29| 21.6) 19.4|| 89] 66.1] 59.6 
30| 22.3} 20.1|| 90] 66.9] 60.2 
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121) 89.9] 81.0 
122| 90.7| 81.6 
123] 91.4) 82.3 
124| 92.1] 83.0 
125| 92.9] 83.6 
126) 93.6] 84.3 
127} 94.4] 85.0 
128| 95.1) 85.6 
129] 95.9] 86.3 
130| 96.6| 87.0 
131] 97.4] 87.7 
132] 98.1] 88.3 
133} 98.8] 89.0 
134| 99.6| 89.7 
135|100.3] 90.3 
136/101.1| 91.0 
137|101.8| 91.7 
138/102.6| 92.3 
139|103.3| 93.0 
140/104.0| 93.7 
141/104.8| 94.3 
142/105 .5] 95.0 
143|106.3] 95.7 
144|107.0| 96.4 
145|107.8] 97.0 
146|108.5| 97.7 
147|109.2| 98.4 
148'110.0| 99.0 
149|110.7| 99.7 
150/111.5}100.4 
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152)113.0/101.7 
153)113.7|102.4 
154)114.4/103.0 
155}115 .2)103.7 
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157|116.7|105.1 
158)117.4/105.7 
159/118 .2/106. 
160/118 .9]107. 
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198|147. 
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212/157 .5|141. 
213)158.3/142. 
214/159.0/143 
215/159 .8/143. 
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217|161.3/145. 
218/162 .0/145. 
219/162 .7|146. 
220/163 .5)147. 
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253/188. 
254/188. 
255)159. 
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259)192 .5|173 .3 
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77/131. 
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221/164 .2)247. 
222/165 .0)148. 
223/165 .7/149. 
224/166 .5|149 
225/167 .2/150. 
226/168 0/151. 
227/168.7)151. 
228/169 .4/152. 
229/170 .2/153. 
230/170 .9/153. 
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232/172 4/155. 
233/173 .2)155. 
234/173 .9)156. 
235/174 .6/157. 
236)175 .4/157. 
237/176.1/158. 
238/176 .9/159 
239)177 .6|159. 
240/178 .4|160. 
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~291/216.3)194.7 


281/208 .5/188 .0 
282/209 .6|/188.7 
283/210 .3)189.4 
284/211.1/190.0 
285/211 .8\190.7 
286/212 .5)191.4 
287/213 .3/192.0 
288|214 .0/192.7 
289/214.8/193.4 
290/215 .5|194.0 


292/\217 .0/195 .4 
293|217 .7\196.1 
294/218 .5|196.7 
295/219 .2/197.4 
296/220 .0)198.1) 
297 |220 .7|198.7, 
298/221 .5|199.4 
299/222. -2:200.. 
300/222 .9:'206.7 
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141103. 
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147|107. 
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~181|132.4 

182}133. 

183|133. 
184/134. 
185}135. 
186|136. 
187|136. 
188]137. 
189|138. 
190/139. 


“{91|139.7 
192/140. 
193|141. 
194|141. 
195|142. 
196/143. 
197|144. 
198|144. 
199/145. 
200|146. 
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203|148. 
204|149. 
205|149. 
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262\191. 
263|192.: 
264|193. 
265)193. 
266|194. 
267\|195. 
268|196. 
269/196. 
270\197. 


271/198 .2)184.8 
272)198 .9|185 .5 
273/199 .7)186.2 


274/200 .4)186. 
275|201 .1)187.5 


281/205. “alion 

282/206 .2)192.3 
283|207 .0|193.0 
284/207 .7|193 .7 
285/208 .4/194. 

286/209 .2)195 3/6 
287/209 .9)195.7 
288/210 .6)196.4 
289/211 .4)197. 

290/212 .1/197.8 


291/212.8/198.5 


293/214.3]199. 
294/215 .0/200.5 


2961216 .5/201 . 9 
297|217 .2/202 6 
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00. -9| 42.4]| 121) 87.0] 84.1]} 181|130.2|125.7|| 241 173.4|167. 4 


RY 
me 
& 


00.7 7 4 7 
01.4, 01.4 43.1]| 122) 87.8) 84.7]| 182 130.9/126.4 242)/174.1)/168.1 
02.2) 02.1 43.8]| 123) 88.5) 85.4]) 183)131.6)127.1]| 243/174.8/168.8 
02.9} 02.8 44.5]| 124) 89.2) 86.1] 184/132.4|127.8)| 244/175 .5|169.5 
03.6] 03.5 3} 45.2|| 125] 89.9] 86.8]| 185|133.1/128.5|| 245/176.2/170.2 
04.3) 04.2 45 .8|| 126] 90.6] 87.5]| 186]133.8)129.2|| 246)177 .0/170.9 
05.0} 04.9 46.5|| 127} 91.4) 88.2]| 187)134.5]129.9)]| 247/177 .7|171.6 
05.8 05.6 47 .2|| 128} 92.1} 88.9] 188|135.2)130.6)]| 248/178.4/172.3 
06.5) 06.3 47 .9}| 129} 92.8} 89.6}) 189)136.0)131.3]| 249]/179.1/173 .0 
07 .2| 06.9 48 .6|| 130} 93.5} 90.3]| 190/136.7|132.0)| 250/179 .8)173 .7 
07.9) 07.6 49.3]| 131] 94.2) 91.0]| 191|137.4)132.7|| 251)180.6)174.4 
08.6} 08.3 50.0]| 132} 95.0) 91.7}; 192 136.1]133.4 252/181 .3)/175.1 
09.4) 09.0 50.7|| 133] 95.7) 92.4]) 193|138. 253/182 .0/175. 
10.1) 09.7 51.4]| 134) 96.4) 93.1]) i94]139. 254|182.7/176.4 
10.8) 10.4 52.1]| 135} 97.1} 93.8]| 195|140. 255|183 4/177 .4 
11.5} 11.1 52.8]| 136] 97.8) 94.5]| 196 141. 256|184.2)177. 
12.2] 11.8 53.5]| 137) 98.5] 95.2]| 197|1 41 ) 257|184.9)178. 
12.9) 12.5 54.2]| 138} 99.3} 95.9]| 198}142 258|185 .6)179 .2 
13.7) 13.2 54.9]| 139)100.0) 96.6]) 199)143 259/186 .3/179. 
14.4) 13.9 55.6]| 140)100.7| 97.3]| 200|143 260/187 .0|180 
> 6 56.3]| 141/101.4) 97 201/144. 261/187 .7/181.3 
-3 57.0]| 142)102.1) 98.6)| 202/145. 262/188 .5|182.0 
23; 16.5 0 57.7|| 143/102.9) 99 203|146. 263)189 .2/182.7 
of 58.4|| 144/103 .6/100.0]| 204/146. 264|189 .9)183.4 
4 59.0]| 145})104.3)100.7}| 205|147. 265|190 .6)184.1 
RI 59.7]| 146/105 .0)101.4]| 206/148. 266|191.3)184 
8 60.4|| 147)105.7|102.1]| 207)148. 267|192.1]/185.5 
9.5 3] 61.1]| 148)/106.5/102.8]| 208)149. 268|192 . 8186 .2 
6 | QO} 61.8]| 149)107.2)103 209)150.: 269|193 .5/186.9 
8 7| 62.5|| 150/107 .9)104.2]| 210/151. -9}| 270 194.2)/187.6 
21.5 63.2|| 151/108 .6|104.9]] 211/151 .8|146.6|| 271|194.9 
22.2 63.9]| 152)/109.3)105 .6]| 212/152 .5)147.3]) 272/195. 
22.9 64.6)| 153/110.1)106.3]/ 213)153.2/148.0|| 273/196 
23.6 65 ..3]| 154/110.8)107 214/153 .9/148.7|| 274/197. 
24.3 66.0]) 155)111.5)107.7)) 215|154.7/149.4)| 275|197. 8 191. 0 
25.0 66.7|| 156/112.2)108.4]| 216)155.4|150.0}| 276)198 .5)191.7, 
25.7 67 .4|| 157|112.9)109.1)| 217|156.1)150.7]| 277|199.3)192.4 
26.4 68.1]| 158/113.7|109 218]156.8/151.4]| 278|200.0}193 1 
27.1 68.8]| 159)114.4/110.5]| 219]/157 .5|152.1]| 279;200.7|193.8 
27 69.5|| 160/115. 1/111.1]| 220]/158.3/152.8)| 280|201 .4)/194.5 


.7| 70.2|| 161/115.8/111.8|/ 221/159.0|153.5|| 281/208. 1/195 .2 

29.2) 3.4) 70.9)| 162/116 .5/112.5]| 222/159.7/154.2|| 282/202 .9/195 .9 

29.9 1] 71.5]) 163/117 .3)113.2]) 223)160.4|154.9]| 283/203 .6)196.6 

30.6 8) 72.2]| 164/118.0)113.9]] 224/161.1/155 .6|| 284/204.3)197.3 

4 31.3 -5| 72.9)) 165|118.7/114.6|| 225/161 .9/156.3)| 285/205 .0)198 .0 

46 32.0 -3) 73.6] 166)/119.4)115.3]| 226)162.6/157.0}) 286/205 .7|198 .7 
AT 32.6 0} 74.3]| 167/120.1)116.0)| 227/163 .3/157.7]| 287|/206.5/199.4) 
48 33.3 -7| 75.0} 168)120.8/116.7|| 228/164.0/158.4]| 288/207 .2/200.1 


peesseh SEREEB REESE JPSZS2S5555 wNaone RNOWH © 


- 35.2! 34.0 A] 75.7|) 169121 .6/117.4]| 229/164.7/159.1]) 289/207 .9|200.8 

36.0) 34.7 76.4]| 170)122.3)/118.1)| 230 230/165 .4)159.8 290/208 .6)201 .5 
il 36 7 36.7| 35.4 .8| 77.1|| 171/123 .0|118.8]]| 231/166 .2\160.5|| 291/209.3 202.1 
§2; 37.4) 36.1 77 .8|| 172/123 .7)119.5|| 232/166 .9|161 .2}| 292/210.0/202.8 
53) 3€.1) 36.8 78.5|| 173|124.4/120.2|| 233)167 .6)161.9|| 293/210 .8)203 .5 
54| 38.8) 37.5 79.2|| 174/125 .2|120.9|) 234)168.3!162.6]| 294/211 .5/204.2 
55) 39.6) 38.2 79.9) 175/125 .9|121.6]| 235/169 .0|163 .2|| 295/212.2/204.9 
56] 40.3) 38.9 80 .6}| 176)126 .6/122.3]| 236)169.8/163 .9 - 9/205 .6 
57| 41.0] 39.6 81.3]| 177|127 .3|123.0)| 237|170.5|164.6 -6/206 ..3 
58) 41.7) 40.3 82.0}| 178/128.0!123 .6|| 238)171. 2/165 .3 -4|207 .0 
59) 42.4) 41.0 82.7]| 179|128.8/124.3]| 239)171 .9|166.0 - 1/207 .7 
60! 43.2) 41.7 83.4}| 180/129 .5|125 .0]| 240/172.6)166.7 -8,208.4 


— 


Dist] Dep. | Lat. |[Dist, Dep. | Lat. ||Dist. Dep. | Lat. ||Dist| Dep. | Lat. ||Dist| Dep. | Lat. 


For 46 Degrees. 


00. 
01. 


00.7 

| 4 
02.1) 02 

8 

5 


i=) 
_ 
bt om 


4| 02. 
03. 


11} 07.8) 07.8 
12) 08.5} 08.5 
13} 09.2) 09.2 
14; 09.9) 09.9 
15; 10.6! 10.6 
16) 11.3) 11.3 
17; 12.0) 12.0 
18) 12.7) 12.7 
19) 13.4) 13.4 
20) 14.1) 14.1 
21) 14.8) 14 
22} 15.6) 15. 
23} 16.3) 16. 
24) 17.0) 17. 
25) 17.7) 17. 
26) 18.4) 18 
27} 19.1} 19 
28] 19.8} 19 
29| 20.5) 20 
30| 21.2) 21 
31) 21.9) 21 
32| 22.6} 22 
33) 23.3] 23 
34| 24.0) 24 
35| 24.7) 24 
36) 25.5) 25. 
37| 26.2) 26. 
38} 26.9) 26. 
39; 27.6) 27. 
40| 28.3) 28. 
41| 29.0} 29. 
42) 29.7) 29. 
43] 30.4) 30. 
44) 31.1) 31 
45| 31.8) 31 
46| 32.5) 32. 
47} 33.2) 33. 
48| 33.9) 33. 
49| 34.6) 34. 
50} 35.4) 35. 
51} 36.1) 36.1 
52| 36.8) 36.8 
53| 37.5) 37.5 
54] 38.2) 38.2 
55] 38.9) 38.9 
56) 39.6) 39.6 
57) 40.3! 40.3 
58] 41.0) 41.0 
59 41.7| 41.7 
60 42.4| 42.4 


Dist. Dep.| Lat. 


Dist.| Lat. Dep. ||Dist.] Lat. | Dist.| Lat. | Dep. || Dist. 


83 

84 

85 

- 86 
‘ 87 
: 88 
. 89 
: 90 
: 91 
: 92 
: 93 
0] 94 
‘ 95 
‘ 


TABLE II. 
Difference of Latitude anc Departure for 45 Degrees. 


43.1} 43.1 
43. 


te 
=>) 
Hoe mNS wae 
i°.9) 
[e 9) 
OCOnNAa De RNOWND 
fos) 
@ 


a 
jor) 
or Om Ow OOP 
vee 
f=r) 


71 2 92.61 92 
72 2 93.3} 93 
73 6 94.0} 94 
74 3 94.8) 94 
75 0 95.5} 95 
76 ot 96.2} 96 
77 4 96.9] 96 
78 -2 97 .6| 97 
79 2 98.3} 98 
80 -6 99.0) 99 


mee eeLtcee Ooh eneeRrow 


101 -4|| 161/113 .8/113.8 
102 -1)} 162)114.5/114. 
103 .8]} 163)115.3/115. 
104 -5]| 164/116.0)116. 
105 2 116.7)116. 
106 5.0]) 166/117.4)117. 
7 
4 
109 -1j] 169)119.5)119. 
110 : 170|120.2)120. 
“Jil| 78.5 ~171/120.9/120. 
112) 79.2 172)121 .6)121. 
113) 79.9 173)122 .3}122. 
114| 80.6 174)123 .0)123. 
115) 81.3 175)123.7|123. 
116) 82.0 176/124 .4)124. 
117) 82.7 177,125 .2)125. 
118) 83.4 178)125 .9/125. 
119) 84.1 179,126 .6)126. 
_120 84.9 180/127 .3 3)127.3 


Dist. Dep | ‘Lat. | Lat. ||Dist., Dep | Lat. |[Dist| Dep.| Lat. [|Dist.| Dep. | Dep. ‘Lat. ||Dist.| Dep. 


OHA DeRIOWS 


SHQHONADOSWH 


147|103. :9|103. 
148/104,71104. 
149}105 .4/105. 
150|106.1)106. 


151|106.8|106. 
152/107 .5|107. 
153/108 .2)108. 
154|108 .9]108. 
155|109.6)109. 
156|110.3)110. 
157|111.0)111. 
15S/111.7)111. 
159}112.4)112. 
160|113.1)113. 


167/118.1/118. 
168)118.S/118. 


SERE555555 Receceecce ohn RA a 


JSSSEESEERE 
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Dist.| Lat. | Dep. 


~241/170.4|170.4 
242)171.1/171.1 
243/171 .8)171.8 
244/172 .5/172.5 
245|173 .2/173 .2 
246|173 .9|173 .9 
247|174.7/174.7 
248/175 .4/175.4 
249/176 .1]176.1 
250,176 .8/176.8 


251/177 .51177 .5 


260/183 .8/183 .8 


261/184 .6/184.6 
262)185 .3/185 .3 
263/156 .0|186.0 
264|186.7/186.7 
265/187 4/187 .4 
266)188.1/188. 11% 


NOwWRONaADoOW!< 


Lat. ||Dist.| Dep.| Lat. 
For 45 Degrees. 
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TABLE III. 
MERIDIONAL PARTS. 


543} 604 
544] 605 
545} 606 
546) 607 
547| 608 
548} 609 
549) 610 
550) 611 


665 
666 
667 
668 
669 
670 
671 
672 
673 
674 
675 


726 
727 
728 
729 
730 
731 
732 
734 
735 
736 
737 
738; 
739 
740 
741 
742 
743 
744 
745 


9° Falta 12+) 13° 
542| 603! 664| 725| 787 


787 
738 
789 
790 
791 
792 
793 
794 
795 


796 
797 


0 
1 
2 
3 
4 
5 
6 
7 
8 
9 


TABLE II. 
MERIDIONAL PARTS. 
18° | 19° | 20° | 21° 


1098 
1099 


1695| 1158 
1096! 1159 
1097| 1160 


| 1550 


1551 
1552 
1553 


' 1554 


1556 


4 
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z 


laa ee eo ee Se oo eo ecient oi oe 


1751} 1819] 1888) 1958S] 2028} 2100| 2171) 2244) 2318 
2101) 2173) 2246! 2319 
2102| 2174) 2247) 2320 
2103) 2175) 2248] 2322 
2104) 2176) 2249) 2323 
2105] 2178) 2250) 2324 
2107) 2179) 2252) 2325 
2108} 2180} 2253) 2327 
2109} 2181} 2254) 23 


1752] 1821] 1890 
1753] 1822] 1891 
1755| 1823] 1892 
1756| 1824] 1893 
1757| 1825] 1894 
1758| 1826] 1895 
1759| 1827] 1896 
1760| 1829] 1898 


1761| 1830| 1899 


1762; 1831) 1900 


1764) 1832] 1901 
1765] 1833] 1902 
1766} 1834} 1903 
1767| 1835} 1905 
1768} 1837} 1906 
1769} 1838] 1907 
1770} 1839} 1908 
1772) 1840} 1909 
1773) 1841 


to 

_ 

4 

on 
CDNA R WOH = SO 


2110} 2182) 2255) 232 


a |) | ree 


2111] 2184] 2257) 2330) 


2113) 2185) 2258) 2332 
2114} 2186) 2259) 2333 
2115| 2187| 2260) 2334) 3 
2116} 2188} 2261) 2335 
2117| 2190} 2263) 2337 
2264] 2338 
2265' 2339 


2266| 2340 


1910 2268) 2342 


MERIDIONAL PARTS. 
28° | 29° | 30° | 31° | 32° | 33° | 34° | 35°] 86° 38° 


1774| 1842 2269} 2343 | 2494\ 20 
1775] 1843 2270) 2344 2495| 21 
1776, 1845 2271) 2345 20; 2496] 22 
1777| 1846 2272| 2346 2498; 23. 
1778) 1847 2274! 2348) ; | 2499) 24 
1780) 1848 2275| 2349 2500} 25 
1781| 1849 2276 2501; 26 
1782} 1850 2277 2503) 27 
1783] 1852 2279 2504! 28 | 
1784| 1853 2280 


2281 
2282 
2283) 3 
2285 


2147) 2220 
2149) 2221 
2150) 2222 
2151) 2224 
2152) 2225 
2153] 2226 
2155] 2227) 
2228 
2230 
2231 

2232 
2233 
2235 
2236 
2237 
2238 
2239 
2241 
2242 


2505] 29 | 
| 
: 
| 
| 


1955 
1956 


59 , 1750 1957! 2027 Laat Mtl Bhd Wiesanih Weise 
fan [27 Exes 30° TST B4° | 35° | 86° [ 87" | 88° 


TABLE IIL. 
MERIDIONAL PARTS. 


& 


F 


2702) 2782) 256: ) 3116) 3203 

2703] 2783} 28 ‘ 3204 

2704) 2784 é 3206. 

2786| 28 3207 

2628 2787| 3 3209 
2629 


2649 
2650 
2651 
2653 
2654 
2655 
2657 
2658 
2659 
| 2661 | 
2662 2822 2988 
2663 2824 2989 
3} 2665 2825 2991 
3} 2666] 2746] 2826 2992) 
2667 2828 2993 
2669 


2836 
3) 2837 
2839 
2840 
2841 


2688 2849 
2690 2851 
2852 
2854 


39° | 40° | 41- | 47° | 48° | 49° | 50° 


TABLE III. 
MERIDIONAL PARTS. 


54° | 55° | 56° | 57° | 58° | 59° | GO? | Ge 
3865| 3965) 4074] 4153] 4294) 4409) 4527| 4649 
3866] 3970) 4076) 4184) 4296) 4411] 4529) 4651 
3868] 3971) 4077| 4186] 4295) 4413) 4531) 4653 
3870| 3973) 4079) 4188] 4300) 4415} 4533) 4655 
3871] 3975) 4081) 4190] 4302) 4417| 4535) 4657 
3873| 3977| 4083] 4192) 4304) 4419} 4537] 4660 
3875| 3978) 4085] 4194] 4306} 4421) 4539) 4662 
3877| 3980) 4086; 4195] 4308) 4423) 4541) 4664 
3878] 3952} 4088] 4197] 4309} 4425] 4543) 4666 
3850] 3984' 4090) 4199) 4311] 4427 4545) 4668 


Oe eo od nd fs/-—~lte:, —-_ | CX 


3882 3985| 4092 4201) 4313] 4429] 4547) 4670 
3883] 3987} 4094) 4203] 4315} 4431} 4549) 4672 
3885| 3989] 4095} 4205) 4317] 4433] 4551) 4674 
3887] 3991) 4097| 4207) 4319, 4434) 4553) 4676 
3889] 3992) 4099] 4208) 4321\ 4436! 4555) 4678 
3890) 3994} 4101} 4210) 4323 
3892} 3996) 4103} 4212) 4325 
3594] 3998! 4104| 4214) 4327 
3895] 3999) 4106) 4216) 4325 
3897| 4001) 4108] 4218] 4330 
3899] 4003} 4110} 4220) 4332 
3901} 4005) 4112) 4221) 4334 
3902! 4006] 4113) 4223) 4336 
3904] 4008) 4115} 4225) 4338 
3906} 4010) 4117) 4227) 4340 
3907] 4012} 4119) 4229) 4342 
3909] 4014) 4121} 4231) 4344 
3911} 4015} 4122) 4232) 4346 
3913] 4017| 4124) 4234) 4347 
4236 


—_—_ |__| —_—_____| ___ }... —_— | — 


3916 4128! 4238 | 
3918] 4022| 4130| 4240) 4353 
3919] 4024) 4132} 4242) 4355 
3921| 4026| 4133] 4244) 4357 
3923] 4028] 4135] 4246] 4359 
3925| 4029] 4137] 4247| 4361 
3926] 4031] 4139] 4249] 4363 
3928] 4033| 4141) 4251) 4365 
3930] 4035] 4142] 4253] 4367 
3932] 4037) 4144] 4255] 4369 


| | ee 


3933| 4038| 4146| 4257| 4370 
3935| 4040| 4148] 4259] 4372 
3937| 4042] 4150| 4260| 4374 
3938| 4044) 4152] 4262) 4376 
3940] 4045| 4153) 4264] 4378 
3942| 4047] 4155] 4266| 4380 
3944] 4049! 4157| 4268] 4382 
3945| 4051 4159| 4270] 4384 
3947| 4052 4161] 4272] 4386 
3949| 4054 4162| 4274| 4388 


BFS eye eres: —_——— | —————~| ___ 


3951) 4056 4164] 4275] 4390 
3952 4058 4166 4277) 4392 
3954| 4060 4168) 4279) 4394 
3956) 4061 4170) 4281) 4396 
3958] 4063 4172) 4283) 4398 
3959] 4065, 4173] 4285) 4399 
3961] 4067) 4175] 4287} 4401 
3963) 4069, 4177} 4289] 4403 
3964] 4070) 4179) 4291) 4405 
3966] 4072} 4181! 4292) 4407 


54° | 5a" | 56° | 87° | Be 


es |e 


4741! 4870] 44 
4743) 4872] 45 
4745 
4747 
4750, 4879] 48 
4752. 4881 49 
4754) 4883] 50 
4756 4885] 51 
4758, 4887] 52 
4760 4890} 53 
4762 4892] 54 
4764 4894] 55 
4766 4896] 56 
4769 4898] 57 
4771: 4901 ce 
ae 4903 


ea oe 


COTarmetmo! & 


5033 
5035 
5037 


5324 
5326 
5328 
5331 
5333 
5336 
5338 
5341 
5343 
5346 


TABLE III. 
MERIDIONAL PARTS. 


5348} ¢ 


5351 
5353 
5356 
5358 
5361 
5363 
5366 


5368] : 


5371 


5373 
5376 
5378 
5380 
53583 
5385 
5388 
5390 


i} 5393 


5395 
5398 
5401 
5403 
5406 
5408 
5411 
5413 
5416 
5418 
5421 


5423 
5426 
5428 
5431 
5433 
5436 
5438 
544) 
5443 
5446 


5448 


5451 
5454 
5456 
5459 
5461 
5464 
5466 
5469 
5471 


73° | 74 


6534 
6538 
6541 
6545 


3} 6548 


6542 
6555 
6558 
6562 
6565 
6569 
6572 
6576 
6579 
6583 
6586 


| 6590 


6593 
6597 


6600| 


6603 
6607 


; 6610 


614 
6617 
6621 
6624 
6628 
6631 
6635 
6639 
6642 
6646 
6649 
6653 
6656 
6660 
6663 
6667 
6670 


' 


am 
«J 


= 


6746 
6749 
6753 
6757 
6760 
6764 
6768! 
6771 
6775 
6779 
6782 
6786 
6796| 12 
6793 
6797) 14 
6801 
6804’ 16 
6808] 17 
6812] 18 
6815] 19 
6819} 20 
6823] 21 
6826] 22 
6830| 23 
6834! 24 
6838] 25 
6841! 26 


OCDNonrrhkwd KS 
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or 


6674 


6677 
6681 
6685 
6688 
6692 
6695 
6699 
6702 
6706 
6710 
6713 
6717 
6720 
6724 
6725 
6731 
6735 
6738 
6742 


6963} 58 
6966, 59 


73° | 76° | 77° | 78° | 79° | 80° 


7467| 7745| 8046 
7472| 7749] 8051 
7476| 7754| 8056 
7481] 7759} 8061 
7485| 7764] 8067 
7490| 7769] 8072 
7494| 7774) 8077 
7498| 7778] 8083! 
7503 ae 8088, 
7507 8093 


7512 “7793 8099 
7516. 7798] 8104 
7521\ 7803] 8109 
. 7525( 7808] 8115 
3| 7530] 7813] 8120 
7535| 7817| 8125 
7539| 7822] 8131 
7544| 7827] 8136 
7548] 7832] 8141 
7553| 7837 8147; 


|r | rr | | ee | 


7557) 7842) 8152 
7562| 7847 


7580 
7585 


7594| 7882) 8196 
7599: 7887) 8201 


7603) 7892) 8207 
7608] 7897) 8212 
7612] 7902) 8218 
7617| 7907) 8223 
7622| 7912) 8229 
7626, 7917| 8234 
7631| 7922) 8240 
3} 7636| 7927) 8245 
7640| 7932) 8251 
7645| 7937) 8256 


| rr ere | ere | | 


7650) 7942) 8262 
7654| 7948] 8267 
7659] 7953] 8273 
7664| 7958) 8279 
7668] 7963] 8284 
7673) 7968) 8290 
7678} 7973) 8295 
7683) 7978) 8301 
7687| 7983] 8307 
7692) 7989) 8312 


7697| 7994| 8318] 8 
7702] 7999| 8324 
7706| 8004] 8329 
7711] 8009} 8335 
7716] 8014} 8341 
8020) 8347 
8025| 8352) 8714 
8030] 8358| 8720 
8035] 8364, 8726 
8040] 8369) 8733) 


7206 _7463| 7740 
75°] 76° [77° | 78° | 79° | 80° | S19 | 82° 


7140 
7145 
7149 
7153 
7157, 
7161 

7165 


7169 
7173 
7177 
7181 
7185 


7392 
7397 
7401 
7406 
7410 
7414 
7419 
7423 
7427 
7432) 
7436 
7441 


48 
49 


| 


TABLE III. 
MERIDIONAL PARTS. 
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85° | 86° | mw 


10765|11533 


S1°| 82° | 82° | 84° 


9606) 10137 


9622)10156)10788)11561 
9631/10166)10799)11576 
pont beth vines dh baa 
9647'10185110823'116 
9655|10195|10834)1 1620 
. 9664|10205;10846) 11634; 
9672{1o214l1os58}11649 
9650|10224'10870|11664 


ee ccs | a | a | re |S | | 


9689|10234|10881}11679| 10 
9697}10244/10893/11694| 11 
9706]10254|10905/11709| 12 
9714|10264/10917|11724| 13 
9723/10274]10929|11739| 14 
9731)10284|10941|117535| 15 
9740|10294/10953/11770| 16 
9748}10304)10965|11785! 17 
9757(10314|10978|11801| 18 
9765|10324|/10990/11816| 19 


2 ee ead 


9774|10334/11002|11832| 20 
9783|10344/11014|11848| 21 
9791|10354|11027/11863| 22 
9800|10364/11039/11879| 23 
9809/10374111052]11895| 24 
9817/10385|11064]/11911| 25 
9826|10395|11077|/11927; 26 
9835|10405/11089]11943| 27 
9844|10416/11102)11959} 28 
9852|10426/11115|11976| 29 


mr | a fs me | a | | 


9861}10437|11127/11992| 30 
9870)101447}11140)12008] 31 
9879}10457|11153)12025| 32 
9888/10468}11166)12041| 33 
9897 /10478/11179)12058| 34 
9906}10459}11192)12075| 35 
9915)10500/11205|12092) 36 
9924/10510/11218/12109| 37 
9933)10521/11231)12126) 38 
9942/10532/11244|12143) 39 


_————— | | | | 


995 1/105 12}11257/12160| 40 
9960/10553)1127012177| 41 
9969] 1056 {|1128412194| 42 
9978|10575}11297/12212| 43 
9987|10586/11310'12229| 44 

5 45 
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94093/10005/10608/11338) 12265 
9501|10015}10619/11351)12282 
9509/10024/10630/11365!12300 
9517/10033/10641/11375)12318 


SS eee ee ee a 


9525|10043/10652/11392/12336) 50 
9533}10052/10663|11406/12354) 51 
9541/10061|10674)11420) 12373) 52 
9549|1007 1/10685|11434|12391 53 
9557|10080|10696)11448, 12409] 54 
9565|10089|10708|114621 12428 
9573/10099) 10719|11476)12446 
9581)10108)10730/11490) 12465 
9589/10118|10742)11504|12484 
9595|10127|10753/115 18) 12503 


82° | 83° | 84° | 85° 


81° 


TABLE III.* 
CORRECTION OF THE MEAN REFRACTION. 
Height of the Thermometer. 


TABLE III. 
MERIDIONAL PARTS. || App. 


~ 4 
0 | i2o2z| 13916 0 0 
L | 12541} 13945 10 0 
2 | 12561] 13974 20 0 
3 | 12580] 14004 i] 2 30 0 
4 | 12599] 14033 2 40 0 
5 | 12619] 14063 50 0 
6 | 12639] 14093 0 0 
7 | 12659] 14123 10 0 
8 | 12679] 14154 20 0 
9 | 12699] 14185 30 0 
12719] 14216 0 0 
12739] 14217 0 0 
12759] 14279 0 0 
12780] 14311 0 10] 0 
12801] 14343 o| 48138 ]/2as8/is! 9] o 
12821] 14376 301 45 | 35 | 26/17] 8] o 
12842] 14409 «| 41} 32]24/16] 8] 0 
12863] 14442 6 301 38 | 30] 22]14! 7| oO 
12885] 14475 0136} 28}21/14] 7] 0 
12906] 14509 7 30/ 31 | 27/20/13] 61 0 
12927] 14543] 17693)) 8 o| 32/25 !191]121 61 0] 5 
12949] 14578] 177811 8 30/30} 23 |17 ]11] 6] of 5 
12970) 14613 9 of 28|22]/16}/10] 51 of 5] 10] 14] 19] 24 
12992] 14648 9 301 27 |21/16]10] 5{ of 5 | 10] 14] 19] 23 
13014] 11684 io of 26}20115110] 5] of 4] 9] 13] 18 | 22 
13036] 14720 531 10 30] 24} 19115 |/10] 51 of 4] 9113] 17] 21 
13059] 14/56 0} 23/18/14] 9] 5] of 4{ 8] 12] 16 | 20 
13081] 1473] 18355|| 11 301 22! 17/13} 9/ 4] o| 4) 8] 12116] 19 
13104] 14830 12 of 21/17/13] 8] 4] of 4! S]11] 15] 18 
13126] 148633 13 of 20/16/12] 8] 4] 0} 3) 7/10] 14] 17 
13149| 14900 oli8 |14}/11| 7] 4] Of] 3| 6] 9] 13) 16 
13172] 14944 o} 17/13/10] 6] 3] of 37 6] 9] 12415 
12195] 14983 ol16/12/ 9] 6| 3] of 3] 6] 8]11] 14 
13219] 15022 o15/12/ 9] 6] 3| o| 3] 6| 8411] 13 
13242! 15062 01.44 han) 84s ses]! o | ea] ere e Res 
13266| 15102 das fie! sie sds} ol 2! # | ean 
13290| 15143 ois }10/ 7] 4] 2] of 2] 4] 6] 911 
13314| 15184 o} 12! 9| 7] 4] 2] of 2! 4] 6] 8/40 
13338] 15226 ( oir] 9} 71 4] 2] of 2] 4! 6] 8] 10 
13362| 15268] L9909/1 23 of 11 | 8] 6] 4] 2] of] 2] 4] 6] 7] 9 
.13386] 15311} 20076), 24 0] 10| 8| 6| 41] 2/ 0} 2, 4]-5| 7/9 
13411] 15354/ 20253/ 25 of 1o0| 8 | 61 4| 2] of] 21 4] 5] 7] 8 
13436] 15398] 20439] 26 o| 9} 8 | 6] 4] 2] of 2] 4] 5] 7] 8 
13461] 15142) 20635/1 27 of 9] 7] 5] 3] 2] of 2] 3] 5] 6] 8 
13486] 15487) 20844) 28 0 9} 7] 5| 3] 2] O} 1] 3] 5) 6] 7 
13511] 15532) 21065], 29 of 8} 6] 51 3| 2] of 11 3] 4, 6] 7 
13537| 15579, 21303] 30 0| 8] 6| 5] 3] 2] of] 1] 2] 4] 5] 7] 
13563] 15625 21557] 32 0o| 7] 5] 4] 2] 11) of 11 21 4] 5] 6 
13589] 15673 21833/| 34 0| 7|/ 5] 4] 2/ 1] o]| 1] 2{ 3] 5] 6 
13615] 15721] 221321 36 of 6] 5] 4] 21 1] of 1] 2] 3] 4] 5 
13641] 15779| 22459.38 0| 6/5] 4] 2, 1| 0] 1] 2] 3] 4| 5 
13668] 15819] 228221 40 o| 6| 4] 3] 2} 1] of 1] 2] 3] 4] 5 
13695] 158.9) 23226] 45 0] 5] 4] 3] 2 1 0 1 1 2; 3] 4 
13722| 15920] 23685150 of 4{/ 3| 2] 1} 1] Of 1] 1} 2) 34 3 
13749] 15072| 24215] 55 of 31 31 2) 1) 1] of 1] 1] 2] 2] 83 
13776| 16924] 24842 6o of 3| 2) 2] 11 1] Of] O| 1] 1] 2] 2 
13804| 16078] 25609 6s of 2| 2] 1] 1] 0] Of Of of 1] +4 2 
13832] 14132] 265981 70 of 2' 1] 1/ 0! 0. of Of oO| 1] 14 1 
13860} 16187| 27992] 80 of 1] 1] 0] 0} 0) Of] O} Of} O} 1] 1 
13888] 16243] 30375} 9b 6h 0nk C0. bO41.40' ba o3| 40k Onhe oo renee 


= e) -Feee 
28 .3|28 7/29. 2/2. 6/30 . 0/30 5/30. 9 


|! Height of the Barometer. | 
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TABLE IV. 


MEAN REFRACTION. 
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r= 
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ho 
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: 35||24 
33||24 

15 O} 3 30)|25 

15 10) 3 28)|25 

15 20) 3 26)|25 

15 30) 3 24//25 

15 40) 3 21//25 

15 50) 3 19|/25 

16 0} 3 17|/26 
116 10) 3 15]/26 

16 20) 3 12)/26 

16 30) 3 10)|26 

i6 40) 3 j 

16 50] 3 

17 O| 3 

17 10) 3 

17 20] 3 

17 30) 2 

17 40) 2 

17 50] 2: 

18 Oj 2 

i8 10} 2 

18 26) 2 51//29 

18 36) 2 49)|29 

18 40} 2 

18 50) 2 

19 O| 2 

19 10) 2 

19 20) 2 

19 30) 2 

19 40} 2 35)/33 O 

19 50) 2 37|/33 30 
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TABLE V.||TABLE VI. 
Dip of the || Sun’s Paral- 


Horizon. lax in Alt. 
= : = 
| Dip. || = E 
so) as cad 
Feet] ’ fe) W 
1| 0 58 0| 9 
2 Ret 10 9 
3 | 1 40 20 8 
4]1 56 30 8 
5/2 9 40 7 
OV Sot 50 6 
Fos eae 55 5 
8 | 2 441/—-go 14 
9 |, 2.53 65 4 
10. 3 3ea & 70 3 
11 | 3 10 75 2 
12 1-319 80 2 
IS: eS aay 85 1 
14 | 3 36 90 0 
16 | 3 50]| TAB. VII. 
1 fal eS ye Moons 
18 | 4 4|} Augmentat. Ff 
19 | 4 11}} Alt. |Augm. 
20 | 4 17||—e- lf 
21 | 4 23 0 0 
22 | 4 30 5 1 
23 | 4 36 10 3 
24 | 4 42 15 4 
26 | 4 52 20 6 
28 | oe 25 7 
30 | 5 15 30 8 
Oy eso 35 9 
4016 4|1—49|qo~ 
45 26237 45 | 11 


80 | 8 34 70 | 15 

90 | 9- 6]] 80) 15 

100 | 9 35 90 | 16 
TABLE VIII. 


Dip at differ. Distances 
from the Observer. 


;| Height of the Eye 
& in Feet. 


=| J10 15 20 25 jB0 
6 {12 |17 |23 |28 |34 
8 |12 |15 {19 /23 
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TABLE X. 
Sun’s DeciinaTion for the Years 1859, 1863, 1867, 1871, &c. 
Jan. | Feb. | March| April.| May.|June.| July.; Aug.| Sept. | Oct. Nov.| Dec.' ¢ 


South.|South.| South. | North.|North.| North.| North.| North.} North. |South. South. South. 


Mee ie Eo ye LS ilo tO eee eee el Soren a eo 


23 2/17 10/7 40S.| 4 27/15 0/22 2/23 9/18 7/8 24N.) 3 514 22/21 47 
22 57/16 53,7 17 | 4 50/15 18122 10.23 5)17 52/8 2 | 8 2814 41/21 57 
22 51/16 356 54 | 5 13/15 3622-1823 O/17 367 40 | 3 5215 022 5 
22 45/16 17/6 31 | 5 36/15 5422 2522 55/17 20/7 18 | 4 1515 19/22 14 
22 3915 59/6 8 | 6 59/16 1122 3222 50/17 46 56_| 4 3815 37/22 22 
22 32)15 41/5 45 22 44/16 486 33 5 55/22 29) 
22 25/15 22/5 22 22 39/16 316 11 22 36 
22.1715 34 58 22 32/16 155 48 22 43 
22 914 44/4 35 22 55,22 25/15 57/5 26 22 49 
22 U)14 25/4 11 23 0/22 18/15 40, 22 55 
21 51/14 53 48 — 17 4923 5/22 10 
21 41/13 463 24 18 4/23 922 2 
21 3113 263 1 18 1923 1321 54 
21 21/13 5/2 37 9118 34/23 1621 45 
21 10/12 452 13 | 9 41/18 4923 19121 36 


20 5912 24/1 50 |10 2/19 323 21/21 26 
20 47/12 311 26 [10 23/19 1623 2321 16/1: 
20 3511 42:1 2 {10 44/19 30/23 2521 6 
20 23/11 210 39 {11 5/19 4323 2620 55 5419 25/23 26 
20 10/11 00 158.11 26/19 56,23 2720 44 1519 39/23 27 
1 119 57/10 380 9N.|11 46/20 | “2820 33 33 3719 5323 23 27, 
19 4410 160 32 {12 7|20 202 20 21 0 26 5820 623 28) 
19 30) 9 540 56 {12 27/20 3223 2720 J11 1920 19123 27 
19 16; 9 321 20 |12 47/20 4423 26/19 é {11 4020 31/23 26, 
19 1/9 10 13 7/20 25.19 12 120 43/23 25 
18 46) 8 48 : 3 9319 31\lo 321 8 12 2220 6523 23 
18 31!) 8 25 j 1810 111 31 [12 4321 6/23 21 
9 50/1 55 {13 321 17/23 19 
9 282 18 |13 2321 28/23 15 
9 7/2 425.113 43.21 38/23 12 
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TABLE XI. To correct THE Sun’s DECLINATION. 


When Declin, { add in W. Long. ; When Declin, { sub. in W. Long. \ 


is increasing, (sub. in E. Long. is decreasing, {add in E. Long. 


SUN te DECLINATION. ‘ 
o OO, oO; 0; 0; of SES [St ASR e Long. 
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TABLE X. 


g | Jan. | Feb. | March|April.| May.|June.| July.| Aug.| Sept. | Oct. Nov.| Dec.) 2 
Q _|South.|South.| South. | North.|North.| North.|North.| North.] North, South. South,| South.| § 
nae Geet | oO. 4 Ore Poy 0 Oo ahOemwiino nes fala kLO. #£inoe ap 
1 |23 3/17 14/7 23S.| 4 45/15 14/22 8123 617 558 7N|3 2314 3621 54] 1 
2 |22 5816 57'7 O | 5 815 3222 1623 117 437 45 | 3 4614 5522 83 2 
3 22 53/16 396 37 | 5 31/15 4922 2322 57:17 247 23 | 4 915 14/22 12 3 
4 |22 47/16 226 14 | 5 53/16 722 3022 51/17 87 1 | 4 3215 33/22 20 4 
5 |22 41/16 45 51 | 6 16/16 24:22 3722 4616 526 39 | 4 5515 51/22 27. 5& 
6 |22 34/15 45/5 27 | 6 39/16 41122 4322 4016 356 16 | 6 1916 9/22 35 6 
7 (22 2715 2755 4 | 7 116 57.22 4922 3316 195 54 | 5 4216 27\22 41) 7 
8 |22 1915 84 41 | 7 24/17 1422 5422 2716 2/5 31 16 416 44/22 48 8 
9 |22 11/14 49/4 17 | 7 46/17 3022 5922 1915 445 9 | 62717 1/22 58 9 
10 |22 2/14 30/3 54 | 8 8/17 4523 422 12)15 274 46 | 6 5017 18/22 59 10 
11 21 5314 10/3 30 | 8 30/18 123 622 4/15 94 23 [7 1317 35/23 4 11 
12 21 44/13 513 6 | 8 52/18 1623 1221 56/14 514 0 | 7 3517 5123 8 12 
13 |21 34/13 31/2 43 | 9 14/18 31/23 1521 47,14 333 37 | 7 5818 7/23 12 13 
‘14 [21 24/13 102 19 | 9 3618 45.23 1821 3814 143 14 | 8 2018 2323 16 14 
15 [21 13/12 501 56 | 9 57/18 5923 2121 2913 552 51 | 8 4218 3823 19 15 
16 |21 2/12 291 32 /10 18/19 1323 2321 1913 362 28 |9 518 5323 21) 16 
17 [20 50/12 8/1 8 |10 39/19 2723 2521 8/13 172 5 | 9 2719 823 24) 17 
18 20 3811 47,0 44 {11 0/19 4023 2620 5812 581 41 | 9 4819 2223 25 18 
19 20 2611 260 218.)11 21/19 5323 27,20 47)12 381 18 |10 1019 3623 26 19 
20 20 1411 50 3N.|11 42/20 523 2720 3612 180 55 10 3219 40/23 27 20 
21 20 010 430 27 |12 2/20 1723 2820 24)11 580 31 |10 5320 3/23 27, 21 
22 19 4710 22:0 50 [12 22/20 2923 27,20 12/11 380 8N.J11 1420 1623 27 22 
23 19 3310 01 14 {12 4220 4123 2620 0/11 180 16S.|11 3520 2823 27 23 
24 19 19, 9 381 38 {13 220 5223 2519 47/10 570 39 {11 5620 40.23 25 24 
25 19 59 152 1 [13 21/21 323 24/19 35/10 37,1 2 [12 1720 52/23 24) 25 
26 18 50) 8 53/2 25 (13 41/21 1323 22/19 21/10 161 26 |12 3821 4/23 22) 26 
27 18 35) 8 312 48 |14 0/21 2323 1919 8 9 55/1 49 |12 5821 14/23 19) 27 
28 18 19) 8 83 12 |14 1921 3323 17/18 54) 9 34'2 13 [13 1821 25/23 16) 28 
29 18 3) 7 453 35 {14 3721 4223 1318 40| 9 122 36 /13 3821 25/23 13] 29 
30 17 47 3 58 |14 56/21 51/23 10,18 25) 8 51/2 598.|13 5821 45/23 9) 30 
S17 3) 4 21N. 22 0 18 10) 8 29 14 18 23 4] 31 
TABLE XII. To correct THE Sun’s DECLINATION. 

When Declin. { add in W. Long. When Declin. f sub. in W. Lae 
is increasing, (sub. in E. Long. is decreasing, {add in E, Long. 
SUN’S DECLINATION. 

Long. 9 ha Bad ad Sd Be 14 pid ge Bal 2 gg ed ed Tig Id Ub Hr Long. 

“| 0} 1). 2 3) 4} 5) 6) 7] 8) 9)1011)12 1314151617 18:19 20.21 22 23 234 
° ond iy a LS EB ds a Se art oie et Br. fo) 
10 | 1} U1) 2) 1 a 1 2} 1 a 2) 1] 2) 2) a 1) 1) 0 0; 0} 0) 0 0, 0 O 10 
20 | NY UY UU YI YY ay yy a 1 1 a 1 1 1 0. 0 0 20 
30 | 2| 2! 2) 2) 2) 2) 2) 2) 2) 2) 2 2) 2) 2) 22/1) 1) 1 1 1 1) 1 0 30 
40 | 3| 3| 3 3) 3) 3) 3) 2) 2) 2) 2) 2) 2 2 2 2 2.2 2211) 11 0 40 
50 | 3) 3} 3; 3) 3) 3] 3| 3) 3} 3) 3) 3] 3, 3} 3) 3 2) 2 2) 2 2 1 1) 1) 0 50 
60_ | 4| 4| 4) 4| 4) 4) 4! 4) 4 4) 4) 4) 3 3) 3 333 3) 2 2 2 1/1 0} 60 
7 |, 5S 4] 5] 4) 4] 4) 4) 4) 4) 4) 4 4) 4) 4 3 3 3) 3 2 2) 2 1 0 70 
80 | 5) 5| 5 4} 5) 5) 5) 5) 5 5) 5 5) 5 4) 4) 4 4 4 3 3 3 2 2 1) O 80 
90 | 6 6 6 6) 6 6 6) 6 6 6 5 5) 5 5 5) 5 4) 4 4 4 3 3 2) 1) O 90 
100 | 7| 7| 6 6 6 6) 6 6 6] 6 6 6 6 6 5 5 5 5 44 4 3 2 1 0 100 
110 | 7) 7) 7) 7) 7 7) 7) 7) 7 7} 7 6] 6 66 6 5 5 5 4 43 31 0 110 
120 | 8 8 8 8 8 8 8 7 7 7| 7 7| 7 7| 66 6 6 5 5 4 43 2 0/ 120 
130 | 9| 8| 8 8 8! 8) 8 8] 8 8] 8 8] 7 7] 7 7 6 6 6 5 5 43201 130 
140 | 9! 9} 9 9} 9 9} 9) 9] 9} 9] 8 8! 8 8) 7/7 7 6 6 6 5 4 3 2 0 140 
150 |10.10/10 10.10;10/10) 9} 9} 9 9 91 9 81 8 8 776655 4/2 0 150 
160 {10,10/10 10/10) 10|10/10/10;10/10, 9| 9| 91 9, 8 8 7 7| 6 6 5 4) 2 0 160 
170 {LL 1112 12/11/1111 10/10 10/10/1010 9] 9} 9 8 8 7| 7, 6 5 4) 2 0 170 
180 [12121212 AVAVIA ALANA 11/k01010 9 9 8 8 7 6 54 2 0 


! 
( 
} 
| 
i} 


-R 


| 


180 


74 TABLE X. 
Sun’s DEcLINATION for the Years 1861, 1865, 1869, 1873, &c. 


¢ | Jan. | Feb. | March] April| May.|June.| July.| Aug. | Sept. | Oct. | Nov.| Dec.| ¢ 
A South.|South.| South. | North.|North.|North.|North.| North.| North. | South. South.| South. A 
* Oamah|(Os4.|0 0%. 120, es! | Obs.) .O..--f | OStey epee 2 Ouse Sana Laas ic eet “| need : 
1 22 5917 1/7 288.] 4 39/15 922 623 717 59/8 13N.| 3 1714 32/21. 52) 1 
2 \22 5416 43/7 5 | & 2/15 27/22 1423 317 44/7 51 | 3 4014 51/22 1) 2 
3 |22 4816 266 42 | 5 25/15 45122 21/22 5817 28/7 29 | 4 415 10122 10) 3 
4 22 4216 86 19 | 5 48/16 322 2822 5317 127 7° | 4 2715 28122 18 4 
5 |22 3515 50/5 56_| 6 11/16 2022 35/22 47/16 566 44 | 4 5015 4722 25] 5 
6 22 2815 31/5 33 | 6 33/16 3722 4122 41/16 3916 22 | 5 1316 522 33) 6 
7 92 21/15 1315 10 | 6 5616 5322 4722 35116 23'5 59 | 5 3616 22'22 40; 7 
8 22 1314 64i4 46 | 7 18/17 1022 5322 2816 65 37 | 5 5916 4022 46 8 
9 22 414 34/4 23 | 7 41/17 2622 5822 21/15 495 14 | 6 2216 57/22 52) 9 
10 21 5514 153 59 | 8 3/17 41.23 322 14/15 3lj4 51 | 6 4517 14/22 57] Io 
11 21 4613 653 36 | 8 20117 6723 722 615 13429-17717 31/23 211 
12 21 3613 35/3 12 | 8 47/18 12,23 1121 58/14 55/4 6 | 7 3017 47/23 7) 12 
13 2] 2613 152 48 | 9 918 27/23 1421 4914 373 43 | 7 5218 3/23 11) 13 
14 21 1512 552 25 | 9 30 18 4223 1721 40/14 193 20 | 8 1518 19/23 15, 14 
15 |21 4/12 34/2 9 52)18 5623 2021 31/14 0|2 57 | 8 3718 34/23 18) 15 
16 20 53/12 13'1 37 |i0 13/19 10 10 28 22'21 21/13 41/2 33 | 8 59/18 49/23 21/76 
17 20 41]11 521 14 |10 34/19 23:23 2421 11/13 2212 10 | 9 21/19 4/23 23) 17 
18 20 29/11 3110 50 |10 55j19 3723 2621 O13 3/1 47 | 9 43.19 19123 25) 18 
19 20 1611 100 26 {11 16|19 5023 2720 50112 43/1 24 {10 5/19 3323 26 19 
20 20 4/10 480 38.j11 37/20 223 2720 3912 231 0 {10 26/19 46/23 27| 20 
21 |19 50/10 270 2IN.|11 57/20 1423 2720 2712 30 37 |10 4820 0/23 27, 21 
22 |19 37/10 50 45 (12 17|20 2623 2720 1511 430 14N|11 9)20 13/23 27, 22 
23 |19 22) 9 4311 8 {12 37/20 3823 2720 3/11 23/0 108.|11 30/20 2523 27) 33 
24 19 8| 9 211 32 (12 5720 4923 2619 S1/ll 2/0 33 {11 5120 37/23 26 24 


25 |18 53) 8 59,1 56 {13 i721 023 2419 38/10 42/0 57 |12 12/20 49/23 23 24) 25 


26 18 38) 8 362 19 (13 36/21 21 1123 2: 2219 25/10 21/1 20 {12.33/21 1/23 22) 26 
23 20) 27 


27 18 23) 8 142 43 {13 55/21 2123 2019 11/10 Oj1 43 {12 53/21 12 
28 |18 7} 7 51/3 6 [14 14/21 3023 1718 57| 9 39/2 7 13 13/21 22/23 17) 28 
29 17 51 3 29 |14 33/21 40.23 1418 43) 9 17/2 30 [13 33/21 33/23 14 29 
30 117 35 353 |14 51/21 4923. 1118 29) 8 56/2 54S. |13 53/21 4323 10) 30 
31 (17 18| 4 16N. 21 58) 18 14} 8 34 ‘114 12 23 +5) SI 


TABLE XII. 
To correct the Sun’s Declination for the Changes in Periods of Four Years. 


Ss MONTHS. a 

n mn = — 

3 d JANUARY. FEBRUARY. Marcu. 3 s 
Eu pele denen coca ke SEER TS 2" =3 
oy Days. Days. | Days. 2 m= 


1 hk Se aie a Se ee a ak ] a ta 


4 / / 
4 0 0 0 0 0 0 5 l 1 : ‘ , : 1 4 
GA O04 O41: Bled os 2h 6 bet lela we ae 
12 ie tae | 1 l 1 l 24 24 2h. 24 08d. WO 2 Ly Bae ae 
16 I 1 1 ] 2 2 2 2 2 3 3 3 3 3 3 16 
20 : 1 ] 1 2 2 2 3 3 3 3 3 3 3 4 4] 20 
APRIL. May. JUNE. 
Days.* - Days. Days. 
1 [7 [13] 19 | 25) 1 |) 7 | 13 | 19 | 25 | 1 | 7 | 13 | 19 | 25 
add | add | add | add | add | add add add add “add “add “add add 
/ / / / / / / f / / ¢ / 
4 M4 BoP SA ae aie 20 On 20s) 04 2 oe eee 
8 1 1 1 l 1 1 1 1 1 ] ] 0 0 0 0 8 
12 2 as 2 2 2 2 2 1 1 l 1 ] 0 0 0 12 
16 | S748 3 3 2 24 2 4 2 1 ] l 0 0 0 16 
4| 3} 3] 31 3' 3 mika: ahi clk. ab kGorde taal 


3 


TABLE X. 75 
Sun’s DEcLINATION for the Years 1862, 1866, 1870, 1874, &c. 


§, | Jan. | Feb. | March| April] May.|June.| July. Aug. | Sept. | Oct. Nov.| Dec.| ¢ 
AQ |South.|South.| Soutn, | North.|North.|North.|North |North.| North. | Sout. South. South. A 
OO. P-L Qk Cet DOD S| Oat Oka COS dlLOnad CLs PIE ata dod tl OO a 
114 27/21 50) 1 


23. 117 57 34S.] 4 33/15 522 423 818 2/8 18N. | 
14 46/21 59 2 


3 1 
22 5516 487 Ll | 4 56/15 2322 1223 317 47/7 56 | 3 35 

35815 5122 8 3 
2 
4 


1 
2 
3 22 5016 306 48 | 5 1915 4122 1922 5917 3217 34 | 
4 122 4416 126 25 | 5 42/15 5822 2722 5417 167.12 | 42115 2422 16 4 
5 5/16 1622 3322 4817 06 49 | 4 4415 4222 24 5 
6 22 3015 365 38 | 6 2810 33122 4022 4316 436 27 | 5 716 0022 31\ 6 
7 22 2215 17/5 15 | 6 50/16 49122 4622 3616 276 5 | 5 3016 1822 38 7 
8 122 1514 584 52 | 7 1317 622 51/22 3016 105 42 | 5 5316 3622 44 8 
7 35 
7 58 


on) 


22 37,15 546 2 


9 22 614 394 28 17 2222 57.22 2315 53/5 20 | 6 1616 5322 50 9 
10 (21 5714 204 5 \7 3823 1/22 1515 35/4 57_| 6 39:17 1022 56 10 
Il |2) 4814 03 Q17 5323 622 815 184 34 | 7 217 2723 4) T1 
12 21 3813 403 2 

2 

2 


2118 8/23 10:22 0 7 2417 43/23 6 12 
18 23/23 13/21 5414 41/3 48 7 4717 5923 10 13 
18 3823 1721 42:14 23/33 25 8 918 1523 14 14 
18 52/23 1921 33:14 43 2 8 3218 31/23 17 15 
8 54 
9 16 


16 30 5612 191 43° |10 8/19 6/23 22/21 23/13 46/2 39 — 18 4623 20, 16° 
17 20 44/1) 581 20 |10 29/19 2023 2421 1313 26/2 16 19 1/23 22 17 
18 20 32/11 360 56 |10 50/19 3323 2521 313 7/l 52 | 9 3819 15/23 24 18 
19 20 20/11 150 32 [11 11/19 4623 2620 52/12 47/1 29 {10 O19 2923 26 19 
20 20 710 540 9S, /11 32)19 5923 2720 41/12 28/1 6 |10 21/19 43/23 27, 20 
~ 21 19 54/10 320 15N.|11 52/20 1123 2720 2912 80 42 {10 43,19 5623 27 2) 
22 19 40:10 100 39 [12 12/20 2423 2720 1811 48/0 19NJIk 4/20 1023 27 22 
23 |19 26, 9 481 3 {12 32/20 3523 2720 611 28/0 4S.|11 2520 2223 27 93 
24 19 12 9 261 26 |32 52/20 4623 2619 53/11 7/0 28 {11 4620 3523 26 24 
25 18 57,9 41 50 {13 12/20 57/23 2419 41/10 470 51 [12 720 4623 25 25 
26 18 42) 8 422 13/13 31/21 893 2319 28/10 26/1 15 |}2 2820 5823 23 26 
27 18 27| 8 192 37 {13 50/21 1823 2119 14/10 5/1 38 {12 4821 9/23 20 27 
28 18 1k} 7 563 O {14 9/21 2823 1819 0] 9 44/2 1 {13 821 2023 18 28 
14 28/21 3823 1518 46) 9 22/2 25 |13 2821 30/23 14 99 
14 47/21 4723 1218 32] 9 1/2 488.|13 4821 4023 11 30 


| [ar 88) [Te 17; 8 39 14 8 (23 631 


TABLE XII. 
To correct the Sun’s Declination for the Changes in Periods of Four Years. 


os MONTHS. “ 
a fe 
3 JULY. AuvaGustT. SEPTEMBER. = S 
fot p —— oun ev 
Sy Days. Days. Days. 2 “ 


bh y.7 | 13,19 | 256) 1) 7 | 13) 19 | '25) 1 To AS PIs (25 | 


———— | ———__—_ SS, ee Se ee ey ee ee ee Se en 


f { yr 
4 0; 0] O 0; @/ 0] 0 l l 1 1 k l 1 ] 4 
8 0 0 1 ] 1 l 1 } ] l ] } k I l & 
12 0 I 1 ] Ei- } 2 2 2 2 2 2 2/ 2] 2] 12. 
16 0 1 } 1 ys 2 2 Bits 3 3 rs 3; 3) 3] 36 
20 a 1 1 l 2 2 2 2 3) a.) co 3 3 3 4; 41] 20 
. OcTOBER. NovEMBER. DECEMBER. 
Days. ai Days. Days. 
See 7) O18 C28 | 1 13 | 19 | 25 | 1 | 7 1131139) Qh 
add | add | add , add | add; add 


add | add | add | add | add | add | a 
/ / / 


, / , 


, Uy / 


wre ~a— 


0 
] 
1 
2 
2 


IF 
at 


et 


RR®OV™BDR ala Ream ovmmala RDBRRARRDRWR | charae 
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as 
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The Rigur Ascenstons and Decuinations of the PRINCIPAL FIxep 


TABLE XIII. 


STaRs, eee to January 1, 1860. 


Right 
Ascension 
in Time. 


| Constellations. Pr. Names, 


Andromeda ......Alpheratz .. 
Pegasus secseeeeAlgenid sores 
Cassi0peia...ecceee SChEdAr veovee 
Andromeda we... Mirach «0.0» 
Ursa Minor ...... Pole Star ... 
Eridanus 1. oo... Achernar oe 
AYICS.c0-ccceccecsesARIETIS eve 
Cetus. cecoccccccee MENKAP ccasee 
Perseus .oo-.++-:00e Algol seecoseee 
P'ATGEUS b wcueysaedcndaseastors sus tee 
Taurus ...eeeeeeeee- ALDEBARAN 
AULILZA seeveesereee Capella 
Orion oo dtigel ... 
Taurus 


eorces 
SOs weece eecoce 


PCOHSSEOS eo eee seoraeSootas 


OTION  .0...000000-Bellatrix...+0 
RJTIORM PGusewdssseses ses pasctlss dosha 
RITION at cetestatceseepssed ina custes 
DOU MON > teeesesest pee 
OLION  ....00.0500- BEtelguUese ve» 
ATZ0..02+-000c00-. CANOPUS. voeons 
Canis Major ... Sirius ...ce00es 


eeceocee ses 


Gemini............ CAStOPr .rccccces 
Canis Minor ... Procyon woo... 

| Gemini............ POLLUX ..... 
ATZO” Navi8...seccsecercescscoceess 
Argo Navis...... eee secccsccecccees 
PRP GOVNGVIG.5. ccs can toc cegacecd once 
FREE OMNGNIGccesaaccssae-<de00s cober 
SEVEN ti iece So css Alphard ..«... 

| Lit0 ...0s.000 a+. REGULUS ... 

8 | | Ursa Major ..csescer serene ses cceess 

| Ursa Major 2s eb he toes: 
F Lue ccchiugevose ss LEU sus ceaies 
i | ATSS DIAIOT I sowedvacesss ess Sains 
CALS i oma heh taosashipadanskdnasd> seen 

| Crax oGaes tenaoumevanedsasdsaiwae? 
(Virge Soar sereae re 


Ursa Major Benetnach ... 
PB \ADORTAUT ences senvee voncneee 
a | Draco atten is 
a) Bootes .ccccerwe.. calrcniras 


everce 
Tehowe 
seo swe Vo wee + 


eercen 


| Bootes ..essereseee SOQiNUS 
(Centaur ...,00 
\-9 Wuibra sassacees Zubenesch ext 
Hibre 21d no navses ZIWENCHG.r0008 
_Cerena Borealis Alphacca...... 
‘ABET BENE eve racsnccss nee sar ceser — 
Scerpie..... sce ANTARES “ccs 
Hercules Ras Algethi... 
| Ophiuchus Ras sai dey, 
Draco ....c.00..--Rastaban.. 


BE cae at tae net Vega 
| AQUILE .oscosce- ALTAIR coe... 
i Pave 
| OY ZNUB..sceceeeeee DENED reseesees 
| Cephene .........Al/deraimin... 
AQuUariuS...coscescovceesercccsecces 


| Gruk: 22... 


DEV VR Oe swe oe eeeees 


2+ ceseee 


eeeree 


ee eee eee ee ee ee ee 


eersee + Cet eeereresr eee 


| Pisc. Australis. FomALHAUT 
| Pegasus ....... oe SCREAE vecece ses 
PEGASUS... 200.0. MARCABeceses 


= 
SY ac latte 


= 


bo DD OD Ret | 


GS me pee eet DD * 


— 
ho 


GS bo 


bo 
i) 


foresees: 


4 


Fl 
a1 


oe 
BD Com ND 


ae 
EALEEEFEEFETFEAFAFEFALETAFAFEETEAFAFAFEFAT EF EEE THT H Et tt ttt tt tt 


— 


NO $2 G9 09 O24 U9 GO G9 NDS mam RD 8 GO Go] ND mm GO ND OP G8 G9 O9 BD BL] GO HR 99 Be GO NO GD GO O9 CO G9 B 


me DO nO bo oul oe 


Ls 
o-) 


bs ae S 


| 
| 
he 


32 Li 


Declination. 


“i 


28 19 3N;) + 19. 


14 24 
55 46 
34 52 
88 23 
57 56 


19 N 
8N 
34 N 
47 N 
57 S. 


iG 31 ¢ 


5 34 
28 21 38N 
39 36 : 
46 55 


62 19 9S. 
56 19 248. 
10 25 448. 
50 047N 
59 41 48S. 
65 2 20N 
19 54 47 N 


38 53 I8N 
60 15 19S. 
(5 ‘37 37S. 
8 51 468. 
27 11 17N 
652 7N 
26. 57 *ss. 
14 33 LIN 
12 39 54N 
51 30 23N 


38 39 20N 


8 30 5N 
i 57 10 448. 
44 48 50 N 


' G1 59 36N 


@ 59 55S. 


' 47 38 128. 


30 21 468. 
27 19 26N 


'14 27 10N 


BRED Fae cet SB ioe ie a eee eee ig My 


Ann. Var. 
of Declin, 


“ 


90 
03 
81 


20. 
19. 


— 
cb th 


t 


COOGAN wow Alar RR 


fit 

Pret) feo pee oe 

©, Osi on 

C2) met me CO OO 
7 Aono 


ane area [kbd erent | Rae ae 


+ 19 26 | 
+ 49, 30! 


‘a 


TABLE XIV. 77 


SUN’S MEAN RIGHT ASCENSION. 


July | Aug.|Sept.| Oct. | Nov. | Dec. | Days. 
h. mh. m.{h. m./b. m.|b. 


Days. Jan. | Feb. | Mar. June 


h. m.|h. m.|b. m. 


April May 
h. m. 


m.|h. m. 


46|20 58|22 48| 0 42| 2 35 4 35| 6 40] 8 45|10 41/12 29/14 1 
50|21 02/22 52] 0 45| 2 37] 4 40] 6 44| 8 49/L0 44/12 32/14 2 
54/21 06/22 56| 0 49| 2 40] 4 44] 6 48] 852/10 48/12 36/14 3 
59/21 10/22 59] 0 53] 2 44) 4 48] 6 52) 8 selLO 52/12 4all4 4 
03/21 14/23 03] 0 56] 2 48] 4 52] 6 56! 9 OOILO 55/82 43/14 5 
0sl21 18/23 07| 1 00| 2 52] 4 dul 7 00] 9 59]12 47|14 yi tue ee 
12/21 22/23 10] 1 04| 2 56) 5 00] 7 04/9 02/12 51/14 7 
16/21 26/23 14: 8 07) 3 00] 5 04| 7 O9| 9 06/12 54\14 8 
21/21 30/23 18) 1 11| 3 04/5 OS! 7 13] 9 10/12 58ll4 9 
25/21 34/23 21] 1 15] 3 08] 5 13] 7 17| 9 13/13 02|15 10 
29/21 38/23 25] 1 18! 3 11| 5 17| 7 21) 9 17/13 05|15 ll 
34/21 42123 29] 1 22] 3 15] 5 21] 7 25] 9 20/13 09/15 12 
33/21 46/23 33/ 1 26] 3 19] 5 25| 7 29] 9 24/13 13/15 13 
42/21 50/23 36] 1 29] 3 23] 5 29] 7 33] 9 28]13 1615 14 
47/21 54/23 40] 1 33| 3 271 5 331 7 37| 9 31/13 20/15 15 
51/21 58/23 43} 1 37| 3 Bll 5 37| 7 41] 9 42/11 35/13 24/15 16 
55|22 02/23 47] 1 40! 3 35| 5 42] 7 45! 9 46/11 38/13 28/15 17 
00122 05'23 51] 1 44) 3 39] 5 46] 7 49] 9 49/11 42/13 31/15 18 
04/22 09/23 54] 1 431 3 43] 5 50] 7 53] 9 53111 46113 35/15 19 
08)22 13/23 58| 1 51| 3 47| 5 54| 7 57] 9 57/11 49/13 39115 20 
12122 17| 0 02] 1 55| 3 51| 5 58] 8 OL|LO OO 53/13 43/15 21 
17/22 21] 0 05! 1 59] 3 55| 6 02] 8 05/10 O4/11 56/13 46/15 22 
21/22 25] 0 09] 2 03! 3 59! 6 07| 8 O9I10 08|12 00113 50/15 23 
25/22 28] 0 13| 2 06! 4 03) 6 11] 8 13/10 12,12 04]13 54\15 24 
2922 32] 0 16] 2 10] 4 07] 6 15] 8 17/10 15/12 07/13 58li6 25 


20 33/22 22 36 0 20] 2 14] 4 11] 6 19] 8 21/10 19/12 11/14 02116 07118 19] 26 
29 37/22 40; 0 23] 2 18) 4 15) 6 23) 8 25/10 23/12 14/14 Q6)16 12/18 23, 27 
20 42/22 43] 0 27) 2 21) 4 19) 6 27] 8 29/10 2612 18/14 O9/16 16/18 28) 28 
20 46/22 46] 0 31) 2 25) 4 23) 6 31] 8 33/10 30/12 22/14 13)16 2018 32) 29 
29 50 0 34) 2 a 4 27| 6 36) § 37/10 33/12 25|14 17|16 25/18 37) 30 


| 4 31 ea Oe Tis Be 


8 41|10 37 - 18 41 


TABLE XV. 
For correcting the OBSERVED ALTITUDE of a FIXED Srar to find the 


TRUE ALTITUDE. 


Obs. Height of the Eye above the Sea, in feet. 


6 | 8 | 10] 12] 14] 16 | 18 | 20 | 22 | 24 | 26 | 28 | 30 | 32 
rs) 125 dh pail gt GR Se Pa ee PR a AS oe PaaS Sa, as 
6 |10.4/10.8/11.2/11.5/11.8/12. 1/12. 3/12.5/12.9/13 0/13 .2/13.4/13.6/13.7|13.9] 6 
7 19s 9.7)10.1/10.4}10.7/10.9]11 2111411 G11, 8|L2.0/12.2)12 4/12.6112.8 7 
8 | 8.4! 8.8! 9.3] 9.6] 9.9]/10.2/10.5]10.7/L0. 9/11, 1/11 .3/11L.5111,7/11.9]t2.1/ 8 
9 | 7.7| 8.2) 8.6] 9.0) 9.2] 9.5] 9.8/10.010.2)/10,4110.6/10.5]11,011.2]11.4) 9 
10 | 7.2| 7.7] 8.1) 8.3] 8.7] 8.9] 9.2] 9.4) 9.6 9.8110.0/10.2/10.4/10.6/10-8] 10 
12 | 6.3! 6.8) 7.2] 7.5] 7.8} 8.0] 8.3] 8.5) 8.8] 9.0] 9.1] 9.4} 9.6] 9.7] 9.9] 12 
14 | 5.7| 6.2] 6.5] 6.91 7.1) 7 4] 7.7/ 7.9] 8.1] 8.3] 8.5] 8.7] 8.9) 9.11 9.3] 14 
16 | 5.2] 5.7] 6.1] 6.4] 6.7] 6.9] 7.2] 7.4] 7.6] 7.3] 8.0] 8.2] 8.4) 8.6] 8.8] 16 
18 | 4.8] 5.3) 5.7] 6.0) 6.3] 6.5} 6.8] 7.0) 7.2) 7.4] 7.6] 7.8] 8.0) 8.2] 8.4] 18, 
20 | 4.5! 5.0! 5.4] 56.7] 6.0] 6.2) 6.5 6 7| 6.9 7.1) 7.3| 7.5| 7.71 7.4) 8.0] 20 
22 4.3) 4.7) 5:1) 6.41 5.7) 6.0) 6.2 oe 657) G59 Zid TedleFaa) Toul (7 or 22 
26 | 3.9] 4.3) 4 7] 5.0] 5.3! 5.6] 5.8] 6.0] 6.3] 6.5] 6.7] 6.9] 7.0) 7.2] 7.4] 26 
30 | 3.6) 4.0) 4.4] 4.7| 5.0! 5.3 5.5| 5 7| 6.0] 6.2) 6.4] 6.6] 6.7) 6.9] 7.1) 30 
35 | 3.3) 3.7) 4.1, 4.4] 4.7] 5.0) 5.2) 5.4) 5.7] 5.9) 6.1] 6.3] 6.4! 6.6) 6.8} 35 
40 |3.11 3.53 9] 4 2) 4.5! 4.7] 5.0! 5.2! 5.4] 5.6] 5.8] 6.01 6.2] 6.4| 6.6] 40 
50 | 2.7; 3.2] 3.5] 3.5] 4.1] 4,4] 4.6] 4.9) 5.1] 5.3] 5.5] 5.7/ 5.9] 6.1] 6.2] 50 
60 | 2.5) 2.9 3.3) 3.6) 3.9] 4.1) 4.4] 4 6 4.8) 5.0) 5.2) 5.4) 5.6) 5.8) 6.0) 60 
70. | 2:3) 2.7] 3.1] 3.4] 8.7] 3.9 4.2) 4.4 4.6] 4.8] 5.0] 5.2! 5.4) 5.6) 5.8) 70 
80 | 2.1) 2.5) 2.9) 3.2] 3.5] 3.7] 4.0} 4.2] 4.4] 4.6 vie 5.21 5.4) 5.6] 80 
| 90 | 9 do ade7| #0 SRE 0h 4.3 4.3| 4.5] 4.7 doe 5.31 5.4| 90 


TABLE XVI. 
For reducing the Time of the Moon’s Passage over the Meridian of 
Greenwich, to the Time of its Passage over any other Meridian. 
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Fane. rast Lott Daily Var. of Moon’s passing the Meridian. West Long Time fr. 
| 40m.|42m.' 14m. oe 18m.| 50m | 52m) 5im. 56m. 5¢m.|60m.} 62m. |\4m,| 66m_,|Southing. 
| ° |m./m./m./m.; m.|{ m./m.|m.; m.|m.|m.|m.{m.}|m] bh. m. 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
10 1 1 1 l 1 1 1 1 ] 2 2 2 2 2 0 40 
20 2 2 2 2 3 3 3 3 3 3 3 3 3 4 1 20 | 
30 3 3 4 4 4 4 4 4 4 5 5 5 5 5 2 0]; 
40 4 4 5 5 5 5 6 6 6 6 6 7 7 7 2 40 | 
50 5} 6| 6) 6) 6) 7] 7) 7) 7| 8] 8; 8B} 9} 9) 3 20) 
60 6 7 7 7 8 8 8; 9 9 9; 10/10); 10) 11 4 0 
70 7 8 8 9 9 9/10); 10); 10); 11 | 11 | 12] 12 | 12 4 40 
&0 9 9 9; 10/10/11] 1) | 12 { 12] 12] 13) 13 | 14] 14 5 20 
13 < 6 
14 6 
16 7 
17 8 
19 8 


TABLE XVI.* 
For finding the Time of High Water. 


eS tf wi) 
Moon’s Semidiameter. Moon’s 


Moon’s 
Passage - : . Passage 
over Merid, | 14/30” | 14° 45” 15’ 0”%| 15’ 18") 15’ 30” 35 45” |16' 0” |16' 15” | 16’ 30” | over Merid. 
he m. | bh. m| bh. m. hb. m.| bh. m.| bh. m.| bh. mh. m.| bh. m.| h. mJ oh. om. 
0 0 |-0 4|—0 1-0 0/+0 I14+0 2/40 3-40 5 12 0 
020 0 asl—o 6—0 50 4-0 3—0 2!-0 1] 12 20 
0 40 |—0 12/—0 11—0 10|\—0 100 9—O 9|—0 8 12 40 
1 0 17|—0 —0 16—0 16|—0 16—0 15—0 15|_0 15) 13 0 
1 20 22|—0 —0 22\—0 22/0 22/0 22-0 22/0 22! 13 20 
1 40 27| —0 28—0 28/—0 28—0 29'—0 29/0 29) 13 40 
2 0 Biien0. 32,—0 33|—0 23 —0 34—0 35|—0 36, 14 0 
2 20 36|—0 38'—0 39/—0 40—0 41—0 42|—0 43) 14 20 
2 40 40| —0 43\—0 44l—0 45|—0 46—0 47|_0 49} 14 40 
3.0 44,—0 48|\—0 49 —0 51/—0 52\—0 54-0 56 15 0 
3 30 49 —0 55\—0 56—0 58/—1 Ol 2—T 4) 15 30, 
4 0 55/—0 o—1 ol 5i—1 7\—1 101 19] 16 0 
4 30 58|\—1 3-1 5-1 7/—1 10—1 13-1 16) 16 30 
5 0 Fa 6\—1 8 —1 10/1 13—1 16-1 19] 17 0 
5 30 =A) 5|—1 7j—1 9\—1 12—1 15/1 18) 17 30 
6 0 ay) ol—1 a1 | 4-1 “6—1 9a o39) Pare 
6 20 49|—0 52\—0 54|—0 56—0 58'—1 Ol\-1 3) 18 20 
6 40 43|—0 45|—0 46/—0 47|\—0 48\—0 49'—0 5il_o 53| 18 40 
6 50 37|—0 38|\—0 39|—0 40|\—0 41\-0 42'—0 43\_0 45] 18 50 | 
7 0 32|—0 33|\—0 33\—0 34\—0 34\—0 35—0 36/0 37} 19 0 
710 20 27\—0 28/—0 28'—0 28—0 29—0 29° 19 10 
7 20 —0 22/0 22|—0 220 220 22\0 22) 19 20 
7 30 16|—0 15,—0 15—0 15—0 14—0 14|_0 14) 19 30 
7 40 11|--0 100 190 9—O 9—0 8—O 7/0 6) 19 40 
7 50 —0 40 3-0 2—0 1/0 Oj40 2! 19 50 
8 0 1/—0 +0 340 440 640 7/+0 9] 20 0 
8 20 5|+0 9}+0 11/+0 13/+0 15)+0 17/+0 19) 20 20 
8 40 11/40 16/+6 18'+0 20/40 22/+0 25/10 28] 20 40 
9 0 14/40 16 20/40 22/+0 24/+0 26/+0 29/40 32] 21 0 
9 30 -|- +0 1840 22 +0 24/+0 27/+0 30/+0 33/+0 36) 21 30 | 
100 |+0 15/40 17-40 19-0 21+0 23/+0 25, +0 27/+0 30/40 34] 22 0 | 
10 30 |+0 12/40 14.40 1540 17+0 19/40 21'+0 23/40 26-40 30] 2230 | 
ll 0 71+0 840 10+0 1240 14/40 1640 18-+0 20/40 23) 23 0 
11 20 4+0 540 6+0 7+0 9/+0 11+0 13/+0 I5/+0 17} 23 20 
11 40 0+0 140 2+0 3+0 540 740 8 +0 10-+0 12} 23 40 
12 0 4-0 3—0 2—0 1—0 0/40 140 240 3\+0 5] 24 0 


TABLE XVII. 
To find the Lari1rupE by an Altitude of the Potar Srar. 


R. Ae } Corr. | Corr. R. A. | Corr. Corr. || HAs Corr, bs Corr: 


- for for R for for : for for 
Merid.} i369. | 1870. || Merid- | ig60. | i870. || Metid-| ae6o. | 1870. 


es a es | : ig Fe ee ae 

0 0 |—1 23—1 I9 —0 12 0 |4+1 23/+1 
—1 25'—1 21 —0 12 20 |+1 25/+1 
—1 26 —1 22 —0 12 40 26/+1 : 
—1 26 —1 23 13 0 26/+1 
—1 26 —1 23 13 20 26\-+1 


—1 25'—1 22 13 40 25\+1 
—1 24'—1 21 14 0 24 ee 
—I1 23 —1 20 14 10 |-+1 23/-+1 
—l 21/—1 19 21;+1 
—Il 20|—1 18 20\-+1 


—1 19,—1 17 19\+1 
—1 18 —1 16 ; 
—1 16|—1 14 
—1 14;—1 12 
—1 12,—1 10 


—-1 10|—1 
—1 7-1 
—1 5-1 
—1 2-1 I+ : 

=]"1i0 iy 59 —0 27/-0 : 


—0 58—0 5 40 28-4 | 56 || 20 25 |—0 28|-0 
—0 55|—0 +0 29 aD 54 30 |—0 29|—0 
—0 51/—0 35 +0 31'+0 30 | | 51 5 |—0 31|—0 
—0 49 —0 48 40 +0 34-10 32 +0 48 || : —0 34/0 
—0 47\—0 46 +0 3640 33 || 16 46 —0 36|—0 


—0 45'—0 45 0 +0 38-40 35 45 —0 38/—-0: 
—0 44/—0 43 5 +0 39-410 36 +0 43 —0 39|—0 
—0 42/—0 +0 42/10 38 , 42 

—0 38\—0 +0 45'+0 41 +0 38 

—0 37)—0 48|+0 44 37 


—0 36/—0 35 | 51140 47 | 35 
—0 34/—0 34 | ) +0 50 34 
—0 32 —0 +0 56/-+0 53 é 32 
—0 31/—0 | +0 56 30 
—0 29 —0 28 +0 58 | 


—0 27|—0 abet 27 
—0 25 —0 2! +1 3 
—0 +1 6 
—0 +1 8 
—0 12|-+1 10 


—0 | +1 15/+1 12 18/+0 18 
—0 | +1 17/+1 14 16/-+0 16 
—0 +1 19/+1 15 15}/+0 15 
—0 13 +1 20|+1 17 35 13|+0 13 | 
—0 11 11 50 |+1 22/41 18 11]-+0 11 


TABLE XVII". 
Corrections of the Latitude deduced from the above Table—A dditive. 
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| 80 TABLE XVUL. 


Corrections of the APPARENT ALTITUDES of the Sun and Srars. 


——— 
| 
| 


| App. | Sun’s | Star’s| Diff. || App. |Sun’s | Star’s|| App. |Sun’s |Star’s|| App. |Sun’s | Star’s 
Alt. | Corr. | Corr. | to I’ || Alt. |Corr.|Corr.}} Alt. |Corr.|Corr. || Alt. |Corr. | Corr. 


Ce y eoW a ve ES ere a ne Le othe wl At Wacky tetera ie 14 ae ee 
0 0| 32 51) 33 0 10.0 || 5 0) 9 44] 9 52), 6 0 8 181 8 26) 7 O| 7 12,7 2) 
5 | 32 1| 3210) 9.6 1} 9 42) 9 51 1, 8 17; 8 25 17111 7 20 

0 | 31 13] 31 22} 9.4 2) 9 41} 9 49 2,8 15) 8 24 2|7 1017 19 
15 | 30 26 30 35) 9.1 3} 9 39] 9 48 3| 8 14] 8 23 317 97 18 
20 | 29 41| 29 49} 8.9 4| 9 37| 9 46 4) 8 13} 8 22 4|7 8717 
25 | 28 56| 29 5] 8.6 5| 9 36) 9 44 58 12) 8 20). 5|7 717 16 
0 30 | 28 13) 28 22) 8.415 6 9 34/9 43/6 6 8 1018 19 6|7 6| 7 15 
35 | 27 31| 27 40) 8.1 7| 9 32| 9 41 7/8 9) 8 18 77° 67:14 
49 | 26 51| 26 59} 7.9 8| 9 31| 9 40 88 81817 817 517 13 
45 | 26 11) 26 20) 7.7 9| 9 29) 9 38 98 7| 8 15 97 4) 7 12 
50 | 25 33) 25 41] 7.4 10: 9 2819 364 108 6814] 107 37101 
55 | 24 55) 25 4| 7.2 11/9 26.9 35) 11/8 4/813 1117 2) 710 
Ty 0 | 24 19| 24 28) 7.0 || 5 12 9 25!) 9 33) 6 12) 8 3) 8 12) 7 127 17 lo 
5 | 23 44| 23 53; 6.7 13) 9 23, 9 32} 13)8 2)811 13,7 0|7 9 

10 | 23 10} 23 19) 6.5 14,9 21,9 30/ 14/8 1/8 10] 1465917 8 
15 | 22 38| 22 46] 6.4 15,9 209 29] 15)8 0O|8 8 15/6 5817 7 
20 | 22 6] 22 15} 6.2 16,9 18/9 27) 16 7598 7|| 166 57|7 6 
25 | 21 35| 21 44] 6.1 17,917; 9 25] 17/7 57/8 6) 1716567 5 
30 | 21 5] 21 14| 5.7 || 5 18 9 15, 9 24|| 6 187 56 8 5 7 18] 6 55|7 4 
35 | 20 36) 20 45| 5.6 19 9 14, 9 22] 19'755)8 4 19165517 8 
40 | 20 8| 2017| 5.3 20,9 12,9 21]| 207548 3] 20/6 84/7 2 
45 | 19 41} 19 50) 5.2 21.911; 9 19]| 21/7 5318 1 21| 653) 7 1 
50 | 19 15| 19 24) 5.0 22.9 9 9 18)| 227 52) 8 O| 22)652)7 1 
55 | 18 50) 18 59] 4.9 23,9 8 9 16] 23) 7 50 7 59] 23) 6 51) 7_ 0 
2 01! 18 25) 18 34) 4.7 || 5 249 6) 9 15]| 6 24) 7 49) 7 58\| 7 24] 6 50] 6 59° 
5 | 18 2) 1810) 4.5 25,9 5) 9 13) 25) 7 48) 7 57] 25] 6 49) 6 58 

10 | 17 39) 17 48] 4.5 269 39 121| 267 47| 7 56]| 26] 6 481 6 57 

| 15 | 17 17) 17 25) 4.3 27,9. 2,911} 27) 7 46) 7 55/27) 6 48] 6 56 
20 | 16 55' 17 4) 4.2 23 9 0.9 9Q|| 28) 7 45| 7 541] 28) 6 471 6 55 
25 | 16-34) 16 43) 4.0 2918599 2 29) 7 44) 7 53/1 29] 6 46] 6 54 
230 | 16 14! 16 23) 3.9 || 5 30, 8 58! 9 Gil 6 30) 7 43) 7 Sill 7 30) 6 45] 6 54 
35 | 15 55| 16 3] 3.8 3118 56 9 5|| 81) 7 42) 7 50] 31] 6 44] 6 58 
40 | 15 36, 15 44] 3.6 382; 8 55} 9 3]| 382) 7 41/7 491 32] G 43! 6 52 
45 | 15 17) 15 26] 3.5 331 8 53/9 2|| 33! 7 40| 7 48! 33) 6 42] 6 51 
50/15 0} 15 8| 3.4 3418 52'9 1]| 34! 7.38.7 47/| 34] 6 42] 5 50 
55 | 14 43] 14 61] 3.4 351 8 511 8 59/1 35) 7 37174 35} 6 41, 6 49 | 

; 3 O| 14 26) 14 35) 3.3 5 36 8 49) 8 58) 6 36| 7 36! 7 45|| 7 36) 6 40) 6 49° 
5 | 14 10] 14 19} 3.2 37| 8 48) 8 56/) 371 7 35: 7 44/1 37] 6 39] 6 48 

| 10 | 138 54) 14 3) 3.1 38| 8 46 8 55/| 38) 7 34) 7 43/| 38] 6 38] 6 47 
15 | 13 39] 13 48] 3.0 39 8 45| 8 54/| 39' 7 33) 7 42)| 39] 6 37! 6 46 
20 | 13 24] 13 33| 2.8 40 § 44} 8 52|| 40! 7 32) 7 41/1 40) 6 37| 6 45 

| 25 | 13 10) 13 19) 2.8 At) 8 42, 8 51 4l| 7 31| 7 40]| 41] 6 36] 6 44 
| 80 | 12 56 13 5| 2.7 5 42 8 41] 8 50 6 42/7 30, 7 39) 7 42) 6 35) 6 44 
35 | 12 43) 12 51) 2.6 43,8 40 8 48|| 43) 7 29) 7 38|| 43) 6 34) 6 43 
40 | 12 30} 12 38] 2.6 448 38,8 47] 44) 7 28, 7 37 44| 6 33) 6 42 
45 | 12 17) 12 26) 2.5 45) 8 37, 8 46], 45) 7 27) 7 36)| 45) 6 31 6 4) 
50 | 12 5] 12 13) 2.4 46 8 36, 8 44|| 46) 7 26 7 35|| 46! 6 32) 6 40 
55 | 1153) 12 WW 2.3 47, 8 34 8 43|| 47] 7 25) 7 34|| 47) 6 31| 6 40 
g OO} 1) 41] 11 50} 2.3 “§ 48 8 33 8 33, 8 42 6 48/7 24 7 33\| 7 48] 6 30! 6 39 
5 | 11 30 11-38] 2.2 || 49 8 32 8 40] 49, 7 23, 7 32]] 49] 6 29] 6 3x 
10 | 11 19} 11 27} 2.1 50, 8 30 8 39) 50) 7 22 7 31) 50) 6 29; 6 37 
15/11 8/1117] 2.1]] 51) 8 298 38 51/7 21) 7 30l| 51) 6 28| 6 36 
20 | 10 58) 11 +6] 2.0 521 8 28 8 36], 52,720 7 291 52! 6 27] 6 26 
_25 | 10 48 10 56| 2.0 53| 8 27, 8 35|| 53) 7 19) 7 28]| 53 6 20) 6 3 
4 30 | 10 38] 10 46, 1.9 || 5 54) 8 25 8 34/| 6 54! 7 18] 7 271! 7 54) 6 251 6 34 
35 | 10 28) 16 37) 1.9 55| 8 24 8 33), 55) 7 17| 7 26] 55! 6 25] 6 33 
40 10 19, 10 28 18 56| 8 23° 8 31|| 56) 7 16| 7 25|| 561 6 24! 6 33 

) 45 | 10 10 10 18) 1.8 57 8 21 8 30 57| 7 15| 7 24|| 57] 6 231 6 32 
50 | 10 Wie £7 58| 8 20 8 29 ay sts 7 23'| 58] 6 22); 6 81 
55 | 952/10 1) 1.7 59| 8 19. 8 28) 59, 7 13) 7 22] 59] 6 291 6 30 | 


TABLE XVIII. Oo { 

Corrections of the APPARENT ALTITUDES of the Sun and Srars. I 
App. | Sun’s | Star’s App. | Sun’s | Star’s || App. | Sun’s | Star’s | App. | Sun’s | Star’s 

Alt. | Corr. | Corr. || Alt. | Corr. | Corr. || Alt. | Corr. | Corr. || Alt. | Corr. | Corr. |} 

(ed Ra a | | F a e F eac| 

8 0/6 6 30 || 9 0] 5 40| 5 48 jill O| 4 88) 44711138 01/3 5414 3] 

1/6 6 29 215 39) 5 47 2)\ 4 37| 4 46 Oro: O41 ae Boi 

2/6 6 28 4| 5 37| 5 46 4|4 37] 4 45 4138 538 )|4 2 |] 
-3 16 6 27 6; 5 385| 5 45 6| 4 386| 4 44 613 53 | 4& 1 
4)6 6 27 8} 5 34| 5 44 8| 4 35} 4 43 8 | 3 52 1 
5 | 6 6 26. 10| 5 34| 5 42 10| 4 34] 4 43 10|3 51/4 0O 

8 6|6 6 25 9 12| 5 83/5 41 11 12] 4 33| 4 42 1113 12 | 3 51} 3 59 [IF 

7|6 6 24 14| 5 31! 5 40 14| 4 32| 4 41 14 | 3 50) 8 59 if 

8 | 6 6 24 16) 5 30) 5 39 16 | 4 32| 4 40 16/3 50/]3 58 i 
9/6 6 23 18; 5 29| 5 38 18 | 4 31} 4 39 18 | 3 49 | 3 57 
10 | 6 6 22 20 | 5 28/5 386 20 | 4 80| 4 39 20 | 3 48 | 3°57 
11 | 6 6 21 B28 ot 27° | St SD 22) 4 29| 4 38 22 | 3 48 | 3 56 
8 12 | 6 12 | 6 21 9 24) 5 26] 5 84 |/11 24) 4 28) 4 37 11138 24 | 8 47 | 3 56 
13 | 6 11 | 6 20 26 | 5 241 5 33 26 | 4 28| 4 36 26 | 3 47 | 3 55 
nc.G 107) 6 19: |}, 381 5 23 | 5.32 28 | 4 27| 4 35 28 | 3 46 | 3 54 
15 |610/6 18 30 | 5 22| 5 31 30 | 4 26] 4 35 30 | 8 45 | 3 54 
16/6 9/618 oP 1-H) 211 SS 30 32 | 4 25| 4 34 32 | 8 45 | 38 53 
17|6 8|617 34 | 5 20] 5 29 34| 4 24) 4 33 34 | 3 441 3 538 
$18|6 8/6 16 || 9 36| 5 19| 5 27 |\11 36] 4 24| 4 32 |113 36 | 3 44 | 3 52 
19/6 7/1616 38} 5 18] 5 26 38 | 4 23) 4 31 os | 3 48) 3052 
20 |6 616 15 40|5 1715 25 40| 4 22) 4 31 40 | 8 43 | 3 51 
211'6 51614 4215 16) 5 v4 42,4 21/4 30 42 | 3 42} 3.51 
a 6-6 "| 6.13 44/5 15| 5 23 44/4 21| 4 29 44 | 38 41 | 8 50 
23.) 6.4 1 6.138 464-5 13 1 oO). 22 46 | 4 20| 4 28 46 | 3 41 | 3 49 
824/16 316 12 || 9 48| 5 12/5 21/11 48] 4 19| 4 28 1118 48 | 3 40; 8 49 
257) 64° 3° | Gell 50|}5 11) 5 20 50} 4 18] 4 27 50 | 3 40 | 3 48 
234 65.2) 6-11 5215 10|5 19 52|4 181] 4 26 52 | 3.39 | 3748 
3746 116-10 54,5 915 18 54/417] 4 25 54 | 3 39 | 3 47 
BawieOe 1 | 6. 9 504-5) 8 Fb) 17 56; 4 16! 4 25 56 | 8 88 | 3 47 
29 1. 6)"07) 6-9 58) 5 77.616 58| 4 15] 4 24 58 | 3:38 | 3:46 
8301/5 59/16 8 {10 0|5 6/5 15 |\12 0] 415] 4 23 |\la 01] 3 387 | 8 45 
elo: 59 1.6: 7 2165 51614 2; 414) 4 22 2 | 3°36 | 3°45 
weilawos| 6° 7 45% 41 5:13 4/4 13 4 22 |) 4/3 36 | 8 44 
op 1.0204" | 6° 6 Gua Bh 1g 6; 4 12) 4 21 6 | 3:35 |23844 
ae po, | 6 5 $|5 2) 5 11 8} 4 12) 4 20 8 | 3:38" (75443 
oo | 3 56 | 6 5 1075 145.10 10; 4 11) 4 20 10 | 3 34 | 3 43 
8 361555 |6 4 (11101215 O|5 9/112 12] 410] 4 19 |114 12138 34] 83 42 
3715 55,6 8 14}, 459/15 8 14) 4 10] 4 18 14 | 3 33 |-3° 42 
38 |5 5416 3 16} 458)5 7 16); 4 91417 16 | 3.33 | 8/41 
oo Dba | 6 2 18| 45715 6 1s | 4 8} 4:17 18 | 3 32 | 3 41 
40 75-63°| 6 1 2014 5615 5 20|4 814 16 20 | 3 32 | 3 40 
a1 yb oe) | 6 22)}45515 4 92) 4 7) 4°15 2? | Shot |ae40 
8 4215 51/6 0 ||10 24| 454|5 38 112 2414 6] 4 15 ||14 24 | 3 31 13 39 
4815 51)5 59 26\' 45315 2 26|4 6) 4 14 26 |} 3° 30 | 3°39 
44 | 5 50] 5 59 2981} 453/5 1 28|4 51418 28 | 3 30 | 3:38 
4515 49 | 5 58 380| 4 52|)5 O 30| 4 4/4 13 30.| 3 29 | 3 38 
46 |5 49 | 5 57 32/14 511] 4 59 32/4 38] 4 12 a2 Ss BO S37 
47 |\5 48 | 5 57 34/4 50) 4 58 34,4 38/411 34 | 3: 28 | 3137 
8 48 | 5 47 | 5 56 |/10 36| 4 49| 4 57 |1|12 36| 4 2/4 11 ||/14 36 | 3 28 | 3 36 
49 | 5 47 | 5 55 88 | 4 48] 4 57 388|4 2)]4 10 a8 | 8:27 1.336 
50+} 5 46 | 5 55 40 | 4 47) 4 56 40|4 11)4 9 40 | 3 27 | 3°35 
5115 45 |.5 54 42| 4 46} 4 55 42\|4 614 9 42 | 3 26 | 335 
52°15 45 |.5 53 44/4 45| 4 54 4414 0|4 8 44 3 26 | 3 34 
§3 15 4415 53 46 | 4 44) 4 53 46 | 3 59 4.7 46 | 3 25 | 3 34 
8 54 | 5 44 | 5 52 1110 48) 4 43 | 4 52 |/12 48! 3 58] 4 7 |\14 48 | 3 25 | 3 33 
55 | 5 43 | 5 52 50| 4 48] 4 51 50|358|4 6 50 | 3 24 | 3 33 
56 | 5 42 | 5 51 52) 4 42] 4 50 5213 57|4 5 52 1:3. 94.13 2 
571 6 42: 8 G0 54] 4 4114 49 6413 56) 4 5 54 | B 23 | 3 32 
58 | 5 41 | 5 50 56} 4 40} 4 49 56|3 56/4 4 | 56 | 3 23! 8 $l 
69 | 5 40 | 5 49 | 5814 39] 4 48 §8|355/ 4 4 58 | 3.22 | 3 31 


lg 


$2 TABLE XVIII. 


Corrections of the APPARENT ALTITUDES of the Sun and Srars. 


Sun’s | Star’s 
Corr. 


Vv g Gor, coeuw ° f ‘ow pred ks ° ‘ ‘ew ‘dea (4 ° U ‘oeun# 


15 0} 3 22] 3 30 |/20 0| 2 27} 2 35 |\80 9] 1 31] 1 38 |'50 O| 0 42 
10| 2 26| 2 34 20} 1 30] 1 37 30 | 0 41 
20} 2 25 | 2 33 40} 1 28] 1 386 |\51 O| O 41 
30} 2 23! 2 31 {81 0} 1 27) 1 385 30 | 0 40 


App. | Sun’s | Star’s | App. | Sun’s | Star’s App. | Sun’s | Star’s | App. 
Alt. | Corr | Corr. |} Alt. | Corr. | Corr. || Alt. | Corr. | Corr. || Alt. 


20 | 3 17 40| 2 22; 2 30|| 20] 1 26/1 33 |'52 0/039 
25 | 3 16 50 | 2 21] 2 29 40| 1 25| 1 32 || 30] 0 38 
1530 | 3 15 [3 23 ||2) 0(2 19/2 27 |32 OFT 24/1 31 153 0] 0 38 
35 | 3 14 10} 218/226 || 20) 122/130}, 30 | 0 37 
40 | 3 13 20|/ 217/225 |} 40] 1 21] 1 29 |'54 0] 036 
45 | 3 11 30/2 16| 2 24 |33 0/1 20/127 || 30] 036 
50 | 3 10 40/2 14/223 || 20/119] 126/55 0] 0 35 
55/3 9 50| 2 13 | 2 21 40} 118/125 || 30] 0 34 
16 0/3 8 22 0|2 12/2 20|34 O|117/1 24/56 O| 0 34 
B ah 7, 10|211/219 || 20/1 16/123]| 30]0233 
10|3 6 20| 210/218 || 40] 1 15] 1 22/57 0| 0 32 
15|3 5 30| 2 9| 217/185 0/1 14/1 21 30 | 0 32 
20|3 4 40| 2 8|216]| 20}1 13] 120/58 0|031 
2513 3 50/2 7|215 || 40/112]/119]| 30] 030 
2 6/2 14/36 O| 1 11/1 181/59 O10 30 
2 4/213 || 20/110/1171]| 30/029 
2 3/211 40/1 9] 116/60 0] 0 29 
2 2/210|37 0/1 9}115 30 | 0 28 
2 1/2 9]| 20/1 8/115 |61 0| 0 27 
2 0/2 8|| 40|1 7/114 || 380] 0 27 
159|2 7/38 O| 1 6|113|62 0/0 26 
158/2 6]/ 20/1 5!112/| 30] 0 26 
bG7) Si.5 40|1 411 11/63 0| 0 25 
157|2 4/1389 0} 1 3]110]|| 30] 0 24 
156|2 4 20}1 3/1 9/64 0] 0 24 . 

155|2 3 || 40/1 2/1 9}| 30/023 
1 54/2 2\40 O}1 1/1 8/65 0| 0 23 
1538/2 1 20|1 0} 1 7 30 | 0 22 
152/2 0|| 40}059|1 6|66 0| 6 22 
151|1 59 |!41 0/059/1 5]; 380]021 
150/158 || 20)058/1 5/67 0/021 
149/157 || 40|057|1 41]; 30] 0 20 
26. 0| 1 49/156 |42 0|057|1 3|68 0| 0 20 
148/156 || 20|056|1 2/69 0/019 
147/155 || 40/055|1 2/170 0/018 
146/154 |43 0/055)1 11|/71 0/017 
145/153 || 20|0 54/1 0/72 0/016 
144/152 || 40}053|1 0/|'73 0| 015 

1 44/151 |44 O70 53) 0 59 |\74 01014] 0 16 

1 43] 1 51 20| 0 52| 058 |75 0/013 5 

142/150|| 40/051] 058 |76 0| 012 4 

1 41! 1 49 |'45 0| 051/057 ||77 0/011 3 

1 41/148 || 20] 050; 056 |\78 0| 010 2 

1 40|1 48 || 40} 049/056|79 0|0-9 l 

1 39| 147 |46 0/0 49/055 |80 0/0 8/010 

1 38|1 46 || 20|048/054/81 0|0 8\0 9 

1 38| 145 || 40|048/054);82 9/0 7/0 8 

1 37| 1 45 |47 .0| 047} 053/83 0/0 6|0 7 

1 36|1 44 |! 20] 0 47/0 52184 0/0 5|0 6 

1 35 | 1 43 || 40| 0 46|052|85 0/0 4/0 5 

1 35| 1 42 |48 0| 045/051 |86 0|0 3/0 4 

1 34/142 || 20|0 45/051 \87 0/0 3\|0-3 

1 33] 1 41 40| 0 44|050/)88 0/0 2/0 2 

1 33| 140 |49 0) 0 44/049 |'89 0|0 1/0 1 

| 282) 140 f 20) 0 43| 0 49 90 0/0 0]0 0 

50| 131/139 !| 40] 0 43] 0 48 


TABLE XIX. 83 
FOR REDUCING LONGITUDE INTO TIME, AND THE CONTRARY. 


1 0 4 31 2 4 61 fy! 91/16 4 121|8 4 151 }10 4 
2 0 8 32 2 8 62 4 8 92;6 8 122;}8 8 152 |10 8 
3 0 12 33 2 12 63 4 12 93 | 6 12 123 | 8 12 153 j10 12 
4 !0 16 34 2 16 64 4 16 94] 6 16 124 | 8 16 154 |10 16 
5 0 20 35 2 20 65 4 20 95 | 6 20 125 | 8 20 155 {10 20 
6 0 24 36 2 24 66 4 24 96 | 6 24 126 | 8 24 156 |10 24 
7 0 28 ae 2 28 67 4 28 97 | 6 28 127 | 8 28 157 |10 28 
8 0 32 38 2 382 68 4 32 98 | 6 32 128 | 8 32 158 {10 32 
9 0 36 39 2 36 69 4 36 99 | 6 36 129 | 8 36 159 110 36 
10 0 40 40 2 40 70 4 40 100 | 6 40 130 | 8 40 160 |10 40 
1] 0 44 Al 2 44 71 4 44 101 | 6 44 131 |} 8 44 161 |10 44 
12 0 48 42 2 48 72 4 48 102 | 6 48 132 | 8 48 162 |10 48 
13 0 52 43 2 52 73 4 52 103 | 6 52 133 | 8 52 163 |10 52 
14 0 56 44 2 56 74 4 56 104 | 6 56 134 | 8 56 164 |10 56 
15 1 O 45 3 0 75 5 0 105 |7 O 135 | 9 O 165 j1l O 
16 | eget | 46 $4 76 5 4 106 |7 4 136 |}9 4 166 |ll 4 
17 Fx. 8 47 a:*.8 77 5 8 107 + 7% -8 137 |9 8 167 {11 8 
18 1 12 48 312 78 5 12 108 | 7 12 138 | 9 12 168 j11 12 
19 1 16 49 3 16 79 5 16 109 | 7 16 139 | 9 16 169 {11 16 
20 1 20 50 3 20 80 5 20 110 | 7 20 140 | 9 20 170 |11 20 
21 1 24 51 3 24 Sl 5 24 1ll | 7 24 141 | 9 24 171 jIll 24 
22 1 28 52 3 28 82 5 28. LA? 7 28 142 | 9 28 172 j11 28 
23 I-32 53 3 32 83 5 32 113 | 7 $2 143 | 9 32 173 j11 32 
24 1 36 54 3 36 84 5 36 114 | 7 36 144 | 9 36 174 |I1 36 
25 1 40 55 3 40 85 5 40 115 | 7 40 145 | 9 40 175 j1ll 40 
26 1 44 56 3 44 86 5 44 116 | 7 44 146 } 9 44 176 {ll 44 
27 1 48 57 3 48 87 5 48 117 | 7 48 147 | 9 48 177 j1ll 48 
28 1 52 58 3 52 88 5 52 118 | 7 52 148 | 9 62 178 j11l 52 
29 1 56 59 3 56 89 5 56 119 | 7 56 149 | 9 56 179 |11 56 
30 2 0 60 4 0 90 6 0 120; 8 0O 150 }10 O 180 112 O 
TABLE XX. 

‘FOR FINDING THE DISTANCE OF TERRESTRIAL OBJECTS AT SEA, 
Shes can eT = eee | RR ee ee FE ST oe EP ewe Po f- ae 
eS |: Of oY [2 Sil as (5S Me [SS me (2S ae (3 Sil we 153 
‘Se lam Se lami Se lem oe Les] OR Pes] Ce les oe lam 
me (ASl ms A&lms AS os Afi ms AE ms ES ts Ae 

Pe i no 25 (5.74 49 | 8.0 180 |15 4 420 |23.5 820 |32.9]| 2500 157.4 
2 |1.62 26 (5.86 50} 8.1 190 |15.8 430 |23.8 840 |33.3]| 2600 158.6 
3 11.99 27. «15.97 55 | 8.5 200 |16.2 440 |24.1 860 |33.7|| 2700 (59.7 
ar 12°30 28 {6.08 60 | 8.9 210 |16.6)} 450 |24.4 880 |34.1]| 2800 160.8 
& |2.57 29 |6.18 65 | 9.3 220 |17. 460 |24.6 900 |34.5|| 2900 |61.8 
6 /|2.81 30 16.30 70 | 9.6)| 230 |17.4 470 |24.9]| 920 |34.8]| 3000 |63.0 
7 (3.04) 31 j6.40 75 | 9.9]| 240 |17.8)]| 480 |25.2|]| 940 (35.2\| 3100 |64.0 
8 |3.25 32 (6.50 80 |10.3]} 250 |18.2)| 490 |25.4 960 |35.6]| 3200 65.0 
9 13.45 33 «16.60 85 |10.6|| 260 |18.5 500 {25.7 980 |36.0|| 3300 |66.0 
10° |3.63]| 34 {6.70 90 |10.9]| 270 |18.9]| 520 |26.2]| 1000 |36.3}| 3400 |67.0 
I [3-51 35 «616.80 95: j11.2 280 |19.2 540 |26.7|| 1100 |38.1]} 3500 |68.0 
12 (3.98 36 16.90 100 |11.5 290 |19.6 560 |27.2)| 1200 |39.8]| 3600 |69.0 
13. 14.14 37 |6.99 105 {11.8 300 {19.9 580 |27.7!| 1300 |41.4]} 3700 |69.9 
14 |4.30) 38 17.09 110 |12.1 310 |20.2 600 |28.1]| 1400 |43.0)) 3800 |70.9 
15 |4.45 39 17.17 115 |12.3 320 |20.6 620 |28.6]} 1500 |44.5]; 3900 |71.7 
16 |4.60) 40 |7.27 120 |12.6 330 |20.9 640 |29.1]} 1600 |46.0)| 4000 |72.7 
17 4.73) 41 |7.36]| 125 |12.8] 340 [21.2/| 660 |29.5|) 1700 [47.3] 4100 |73.6 
18 |4.87|| 42 |7.44]/ 130 |13.%]} 350 |21.5|/ 680 /30.0!| 1800 /48.7) 4200 |74.4 
19 {5.01 43 (7.54 135 |13.3 360 (21.8 700 |30.4|| 1900 |50,1}| 4300 |75.4 
20 {5.14 44 17.62 140 {13.6 370 |22.1 720 |30.8]} 2000 |51.4|| 4400 |76.2 
OP 15.26. aa 77070 145 |13.8 380 (22.4 740 |31.2|| 2100 |52.6}| 4500 |77.0 
22 (5.39) 46 |7.79]) 150 |14.1 390 (22.7 760 |31.7\} 2200 |53.9|| 4700 |78.8 
93 (5.51 47 |7.88|]' 160 |14.5 400 |23.0|| 780 |32.1|| 2300 155.1|| 5000 |81.2 
24 (|5.62|) 48 |7.96]| 170 |15.0]| 410 |23.3]| 800 |32.5|| 2400 |56.2/| 1 mile [83 5 
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TABLE XXII. 
For reducing the suN’s RIGHT ASCENSION to any Time at the Meridian 
of Greenwich. 


—— ee 


Timefr.| 


EGON MODONHSOSINAOHOMUAOHS|N WS KONADHS(NHSOHDONWOHS|NAODONAMOHS|NMODONHOHS 
23] aN aN jana BANOS MANOS BANAT NMS BNO NM HKNHT INO BAMS 
BZ gOS CO Sr a8 lon 9 00 000 69 60 0909 IH aH HID In 1D 19 1 OO COONKKNNOlWHHEDAnaaslecoonanaaa 
1 wh BPR | ee ne ee ee oe ee 
Sf AOAPORA HDG RDS DHOD SAHA SMH (BAMHI DarAAHO|DON AON KM HW wWAANTODSOAHA OHDAIK Hoe aan 
|° me me ON OT GN GT OD OD OD OF OD OD SHO et tet AD ACD aD AD [a> ee em ON ON NT 8D OD OD OD OD OD SH OSH eH SH eH LS A> 
BES SSSSSSSSI9S/SSSSSSSSSSD/SSSSOSSBDO [So a et et et pt tr a tt 
LaONIHODON DHiQreD [HOw RD — mo oOmMoODON = On WOMDONAMPOROAH MMO RHAH MoO mw Hampson owmnoenwt Oo 
lA ONAOSDONAWODSONAASCDHOAGHROMMNORA DH 

<a ge tt AGU 09 69 03 OD OO [SH A 1 A 

N/EOoCSooSoOoOSSOO SoSSoSSoSSeSoSS|SsooSoSoS 

1[AONPOD HM GRAS MHDSNTOSDHSH GHAAMDAHDONA(OHON ANAND NANHONDOAHS (DA MIGeaAeatov 
eth Pa mt re mt GU GY ON ON OD OD OD 59 OD SHH RH St SH 1 15 ad 19 mt OT NN GI I OD OD OD OD SH SH ett St et 15 189 dD 

BR) 820009059999 /0 9995999001555 O SO et ft tt ON GT OTN 

x lAOCNPRAs$— Mi GDONV HOD HMw ro’ Hi SDH Mi9A er AN WO SHIGA TOD ONWARD OWH SIA SHAAN HON 

old - mm me TN NT OO. OD. OD OD SOHO eH eH a aD LD AD ASD et met et ON NG OD OD OD OD OD OS Ea acs AD aD aD ‘ Logie 

> 8 

| 2] AORN NAM OD ODHON SRD DD ONT RA DOD ON GRO DODONGRD[— DODONAEA ADONONATRAAND 

O |-a u mm et et NTN OTT OD OD OS OD SH Oe et eH aD > ID AD et ONIN NN OT 09 Ce 0D OD SO OOD a a AD ollie 

2 |x fooscooocoscclloscssooscolSo sos CH HHH RR Re 
[aC NKNAHRrQasMiNRON HOO = RAN H/(O OS ROMP DON DRAM OD DIONAOSOOMMGNROINASLHDORAN 

aia. SOA AINA NOOO Aa ISING Bs Re icy Rey Bes ey Ber or Co in i ee ee on oo) ; lol 

Bl eONSTOCDMMDMORAS [MONS a7) 1D ROMP ODONAODOMD ON RHHKMOROADOSDWONAHRAADON 

oF Pt lone BRS SSARAASSSSRSSIISE SBSH me wt UN ON IGN GN 0D 09 09 OD SH MH St at ISS 1 16 189 109 1 

|S BSS 99999999919 99S GGG SSS SSODSOS ww oe re rae rae ret ee Le tt et rt mt feet at et mt wt mt GY GY ON 

ey ed ES cat WP 2 DEEN Sk OT yt: yah 3 gee =. 

Al | noOntTtODoOonwwtewme ln woo 6S he Miele oho Me Micka EERE ch aor hor hcl Shor endl acl cS aor ena o> end oe een A tf OD 
it il SAMOA AAAS OOM eee IGinm Ko mt et met DIGI OT OT 0D OD OD OD OD eH | ett HF ao aS DD 
BIBSSSASSSSSS9[9SSSSOS SO S/S SSSSSS OS et it ttt tr 
Sl AONATOSODOHHNONO no SDIONAHOSD ONS SD AM MDGNRAMK DONA NASHOANAAOSOMOONAMOHA 16 
et ee aA AMANN Oona gaeeiminiemls Ta ee NT NNN OD OD OD OD (OD SH SH SHS eH SH ay 19 ap 
B|foooosoosocols oso SSCS COO lS OOS SOOO SOO HR et eit tt 

! ’ 


SIA ONWONROK DGOnRD 6 SHA - rmiIaos eonSse or) DON DDRAMMDMHOBHDON FTOROMBORDS 
Uo ae tes teed I EE eR ee a AS me fmt met mt ONE OD NY GN OD OD 10D OD OD OD NH et St HAS 
Rl dooocsossossloscoococoCOlsoSoS COS S Clo One ee pt tg et tt 
SB ONMBORAKDHAOD nN = Nae DOnm ~n Hil OS RDOON HORAK DMGODSINASOWKR AK OHOoOwD 
|” AAA NARAARD AOS eweteanomsonm a lt tt met NON GY GI GT OD [09 6D OD OD OD SH ST SHS 
os BS SSSSSSSSS 9/9 SSS 9S99 919 SSS SSS SSE [OSS He we et et et tt et et nt mt 

SONHMODONHODOIN ODOM MODOIN ODOM HEWSON MODONAODSINMODOMNMODS(I MO So 


mm N OD SY a OOD = lem ON OD “TI a OI OD 


PION SOND HN De GN OD 
WSS O SO my [og 00 69 09009 09 09 09 9 


PI oe) 
8 =O = m= OIC aN ~ 
2 E 


TABLE XXIII. 
, LOGARITHM1¢ SINES. TANGENTS, and SECANTS, to every Point and” 
Quarter Point of the Compass. 
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ee 


3 0 
3 Sine. | Co-sine. |Tangent.|Co-tang.| Secant. a 
Ay a | 
0 0.000000 |10.000000 | 0.000000 | Infinite. {10.000000 nef 
0 2 | 8.690796 | 9.999477 | 8.691319 10000523 73 
0 }§ | 8.991302 | 9.997904 | 8.993398 10.002096 7h 
0 9.166520 | 9.995274 | 9.171247 -004726 |10.833480 | 7 4 


9.290236 
9.385571 
9.462824 
9.527488 
9.582840 
9.630992 
9.673387 
9.711050 


10.709764 

10 .614429 
10,.537176 
10.472512 


-008426 
10.013214 
10.019115 
10.026159 


- 701338 
10.601215 
10.518061 
10 .4463538 


9.298662 

9.398785 
9.481939 
9.553647 


9.991574 
9.986786 
9.980885 
9.973841 


A ee 


9.965615 | 9.617224 
9.956163 | 9.674829 
9.945430 | 9.727957 
9.933350 | 9.777700 


-034385 |10.417160 
10.043837 |10.369008 
10.054570 j1u.326613 
10.066650 |10.288950 


. 382776 
10.325171 
10.272043 
10 .222300 


Anwnl~L_ ananar 


10.080154 10.255261- 


9.744739 | 9.919846 | 9.824893 ~175107 


3 5 

3 } 9.775027 | 9.904828 | 9.870199 |10.129801 |10.095172 |10.224973 4 4 
3 4 9.802359 | 9.888185 | 9.914173 |10.085827 |10.111815 |10.197641 43 
3 2 | 9.827084 | 9.869790 | 9.957295 -042705 {10.130210 |10.172916 | 4 }, 


9.819485 | 9.849485 }|10.000000 |10.000000 |10.150515 |10.150515 4 


—_—— | | | | 


Co-sine.}| Sine. | Co-tang.|Tangent.| Co-sec. | Secant. 


em 


TABLE XXIV. 


LOGARITHMS OF NUMBERS. 


Log. 0.000000———2 . 000000 


1.908485 


1.322219 1.612784 1.785330 


1.342423 1.623249 1.792392 1.913814 
1.361728 1.633468 1.799341 1.919078 
1.380211 1.643453 1.806180 1.924279 


1.397940 1.653213 1.812913 1.929419 


1.934498 


1.662758 1.819544 


1.414973 


0.778151 


6.845098 1.431364 1.672098 1.826075 1.939519 
0.903090 1.447158 1.681241 1.832509 1.944483 
0.954243 1.462398 1.690196 1.838849 1.949390 
1.000000 1.477121 1.695970 1.845095 1.954243 


1.707570 1.959041 


1.041393 1.491362 1.851258 

1.079181 1.505150 1.716003 1.857332 1.963788 
1.113943 1.518514 1.724276 1.863323 1.968453 
1.146128 1.531479 1.732394 1.869232 1.973128 


1.176091 1.544068 1.740363 1.875061 1.977724 


1.748188 1.880814 “1.982271 


1.204120 1.556302 

1.230449 1.568202 1.755875 1.886491 1.986772 
1.255273 1.579784 1.763428 1.892095 1.991226 
1.278754 1.591065 1.770852 1.897627 1.995635 


2.000000 


ae 


1.301030 %.602060 1.778151 1.903090 


| No.! O 


100 | 


101 


TABLE XXTV. 
wOGARITHMS OF NUMBERS. 


oe eS 9 


000000|000434]/000868/001301/001734|002166|00259¢ 
00432100475 1/005 180/005609|006038/006466)006894/007321 


007748 


102 |008600)009026 00945 1|009876|010300'010724/011147/011570/011993 
103 |0128371013259,013689|014100|014520|014940/015360]015779|016197| 
104 017033,017451/017868|018284|0187001019116/019532/019917|020361 
105 |021189/02 1603|622016)022428/022841/023252/023664/024075) 024486 
106 )025306)0257 15/026 124/026533/026942|027350/027757\028164/028571, 
107 (029384'029789/030195/030600/031004/03 1408)031812/032216)032619 
108 |033424/033826/034227|034628)/035029/035430|035836/036229]036629 
109 ,037426)037825/038223|038620/039017/039414/0395 11/040207/040602 

110 1041393}041787|042182|0412575|042969|043362104375510414145|044540. 
111 |0415323/045714/046105|046495/046885/047 275|047664/048053/048442 
112 |049218,049606|049993)/050380/050766)051152)051538/05 1924|052309 
113 90530781053463|053846 05423 0/0546 13)/054996/055378)055760|056142 


114 |056905|057286)057666/058046/058426/058805/059185)0595631059942) 
115 |060698|061075|061452|061829|962206|062582/062958/063333]063709. 
116 64458'064832|065206|065580/065953|066326|066699|06707 1|067443| 
117 068186/068557|/068928|069298/069668)/07 0038) 070407|070776|071145. 
118 071882'07225 01072617|072985|073352|073718|074085|0744511074816 

119 075547|075912|076276,07664 077004,077368)07773 1/07 8094078457 


120 |079181,0795431|079904|0802661080626/080957/081347 081707|082067 
121 |082785|083144|083503/083861/084219|084576|081934/0852911085647 
122 086360)080716)08707 1087 426,087781/088136)088199]os8845|0801098 
123 089905}090258 090611/690963'091315 091667 /092018|09237 01092721 
124 093 122|093772,094122)/09447 11094820 095169}0955 18}095866/096215 
125 |096910|097257,097604/09795 1 .098297,098644}098998,099335|099681 
126 100370} 1007 15]101059}101403|101747]102090}102434|102777]103119 
127 103804)104146]104487}104828/105169'105510)105851)106191}106531 
128 |107210'107549, 107888) L08227|108565|108903}109241)109578'109916 


129 110590]110926/111262|111598/1119341112270)112605)112940|113275 


130 113943, 114277)114611)114944)115278|215610}115943)116276)116608, 
131 |117271)117603)117934/118265| 118595) 118926)119256)119586)119915 
132 {120574/120903|121231|121560/121888)122216)122543)|122871/123198 
133 |123852)124178/124504/124830/125156)125481)125806)126131)126456 
134 |127105!127429) 127752) 128076128399) 128722/129045)129368,129690, 
135 13033.4|130655|130977|131298|13161 9, 131939|132260|132580|132900 
136 133539)133858'134177/134496|134814]135133|135451|135768|136086 
137 |136721|137037|137354 137670 137987 138303)138618)138934) 139249 
138 |139879)140194)140508)140822|141136)141450|141763/142076)142389 
139 }143015|143327|143639|14395 1|144263/144574|144885/145 196) 145507 


140 5146128 146438)146748/147058,147367|147676/147985/|148294/ 148603 
141 149219]149527|149835|1501 421150449] 150756]15 1063/15 1370|151676 
142 |152288)152594/152900)153205/153510/153815/154119)154424|154728 
143 |155336/155640)155913/156246/156549)/156852)157154)157457|157759 
144 (158362)L58664/158965|159266)159567|159868)160168/160465/160769 
145 |161368'161667)161967 |162266/ 162564) 162863]163161/163460|163757 
146 |164353,164650|164947|165244)165541|165838/166134|166430,166726 
147 |167317 167613) 167908] 168203/168497|1687 92) 169086) 169380) 169674, 
148 |170262,170555|170848)171141/171434/171726/172019)172311/17 2603 
149 |173186 173478)173769)174060)17435 1|174641/174932)175222)175512 

150 {176091)176381)17667 0/176959)/177248)177536)177825|178113)178401 
151 4178977)179264) 179552) 179839|180126/180413/180699) 180986) 181272 
152 |181844|182129/182415]182700)182985|183270/183554/183839) 184123 
153 |184691)184975|185259)185542/185825|186108/186391|186674\ 186956 
154 |187521)/187803|188084/188366]188647/1889281189209)189490|189771 
155 |190332|190612]190892)191171,19145 1!191730|192010/192289 192567 
156 {193125)193403|19368 1}193959} 194237|194514]194792)195069'195346, 
157 |195900)196 176/196 452) 1967 29)197005|197 281|197556|197832{1 98107 


008174 


012415 


016615 
020775 
021896 
028978 
033021 
037028 
040998 
044931 
048830 
052694 
056524 
060320 
064083 
067814 
071514 
075182 
078819 


No. 10001600 Log. 000000204120 
7 | Dif. 
003025}003460 003891| 432 _ 


428 
424 
420 
416 
412 
408 
404 
400 
397 


393 


390 
386 
383 
379 
376 
373 
370 
366 
363 


082426 360 


086004 
089552 
093071 
096562 
100026 
103462 
106870 
110253 
113609 


357 
355 
352 
349 
346 
343 
341 
338 
335 


116940| 332 


120245 
123525 
126781 
130012 
133219 
136403 
139564 
142702 
145818 


330 
328 
325 
323 
321 
318 
316 
314 
311 


148911} 309 | 


151982 
155032 
158061 
161068 
164055 
167022 
169968 
172895 
175802 


307 
305 
303 
300 
298 
296 
294 
292 
290 


178689| 288 


181558 
184407 
187239 
190051 
192846 
195623 
198382 


158 |198657)19893 2|199206) 199481] 1997551200029|200303/200577/200850 201124 
159 201397)201670/201913(202216)202488|2027 61/203033/203305)/203577 
4 | 


9) 


0° a ees kes 


203848 


287 
285 
283 
281 
279 
278 
276 
274 
272 


90 | TABLE XXIV. 
LOGARITHMS OF NUMBERS. 

No. 1600-————_2200 Log. 204120——_—3 42423 : 
Diff. 
271 
269 
267 
266 
264 
262 
261 
259 
258 
256 


255273/2555 141255 759 |255996 eGenG T5647 256715]2 
2576791257918/25 8158 258398}25 8637 (258877|259116 259355 259594|259833 


250578/280806 
282849|283075 
21285 107|285332 


_ |298853/29907 1/299289)2995 07/2997 25 |299943/300 161130037 8!300595 |300813 
302331 302547 302764 302980 


a ea ee ere 
| 


| 
TABLE XXIV, 91 
LOGARITHMS OF NUMBERS. | 
No. 2200—_——2800 Log. 342423—___4471 58. 

No.| 0 1 2 3 4 5 6 CALS eg k Diff. 
220 |342423|342620|342817|34301 4|343212|343409|343606|343802/343999|344196| 197 
221 |344392)344589/344785 }34498 1/345 178/345374|345570/345766/345962|346157| 196 
222 |346353/346549/346744|346939)347 135/347330/3475251347720'!347915 348110] 195 
223 |348305}/348500/348694/348889/349083|349278/34947 2/349666/349860/350054 194 
224 |350248/350442|350636/350829/35 1023/35 1216 35 1410'35 1603!351796/351989} 193 
225 |352182/352375|352568)/352761/352954/353 147 /353339/353532/353724/353916) 193 
226 (354108/354301 (354493 /354685 |354576/355068/355260/355452/355643/355834| 192 
227 |356026|356217/|356408/356599/356790/35698 1 1357 172/357363/357554/357744| 191 
228 |357935|358125/3583 16/3585 06|358696|35 8886135 907 6|359266/359456/359646] 190 
229 |359835/360025/360215/3604041360593'360783 36097 2/361161 361350) 361539 189 
230 |361728/361917|362105|362294|362482 36267 1/362859/363048 3632361363424 188 
231 |363612|363800/363958/36417 6/364363|/36455 1|/364739/364926/365113/365301} 188 
232 |365488/365675|365862/366049/366236'366423/366610\3667 96|/366983/367169| 187 
233 |367356|367542/367729|367 915/368 101|368287|368473/368659/368844|369030| 186 
234 |369216|369401/369587|36977 2/369958'3701 43/370328/370513/370698|370883| 185 
235 |371068/371253/371437/37 1622 371806|371991 372175137 2360|372544|/372728| 184 
236 |372912|373096/373280/373464/373647 |37383 1 |374015|374198/374382/374565, 184 
237 |374748/374932/375 1 15)375298/37548 1 |375664/375846|376029/376212/376394| 183 
238 |376577|376759|376942/377124/377306'377488/377670|/377852/378034/378216) 182 
239 |378398/378580/378761/378943/379124|379306|379487 |379668/379849|380030} 181 
240 |380211|380392|380573|380754|350934/381115/381296/381476|381656|381837|_ 181 
241 |382017/382197|382377|382557|38527 37 |382917 1383097 |383277|383456/383636| 180 
242 |383815/383995/384174/384353/384533/3847 12/384891/385070/385249/385428] 179 


245 |389166/389343/389520|389697 |389875 139605 1|390228/390405|390582/39075 77 
246 |390935/391112/391288/391464/391641|391817)391993/392169|/392345|392521| 176 
247 |3926971392873/393048/393224|/393400|393575/39375 1/393926|394101/394277| 176 
248 |394452/394627/394802'!394977 |B 95 15213953 26/395 501/395676|/395850/396025| 175 
249 |396199/396374|396548|3 967 22/396896/397 07 1/397 245 |397418|397592|397766| 174 


nm | | | | | 


ee ee 


250 |397940/398114/398287|398461/398634/398808|39898]1 |399154|399327 399501] 173 
251 |399674/399847/400020)400192/400365/400538/400711'400883/401056/401228] 173 
252 |401400/401573|401745|401917/402089!402261|402433/402605|402777|4029149| 172 
253 403120/403292!403464/403635 403807403978 404149|404320/404492/404663| 171 
254 1404834/405005|405175/405346|405517|405688 105858|106029 406199)406370| 171 
255 |406540|4067 10|40688 1/40705 1/407221/407391/407561/407731|/407900|408070| 170 
256 |408240/408410|408579/408749|408918|409057 | 409257 |409426/409595)/409764| 169 
41027 


243 |385606/385785|385964|3861 42/386321/386499/386677|386856|387034|387212| 178 
244 |387390/387568)/387746)387 923/388 101/388279'388456/388634|388811\358989} 175 


TABLE XXIV. 
LOGARITHMS OF NUMBERS. 


No. 28¢0—_—_3400 Log. 447158-———531479 


47567 1/4758 16|475962/47 6107/47 625 2/476397/476542/476687|476832|476976 


477121|477266|477411|477555|477700|477844|4779891478133/47827 8|478422 
478566]478711}478855|478999]47 9143147 9287/47 9431|479575/4797 19|479863 
480007|48015 1|480294/480438}480582/480725 |480869)451012/481156/481299 
481443]481586}481729|48 1872/4820 16/482159)482302)452445/482588/482731 
48287 4|483 016/483 159/483302/483445/483587|483730/483872/484015 |484157 
484300|4844 42/4845 84/4847 27/484869/4850 11/485 153/485295!485437 485579 
485721/485863}486005 (4861 47|486289|45643 0|48657 2/4867 14/486855 |486997 
487 138|487280|487 421 |487563/487704|487845/487986/488127|488269/485410 
48855 1|488692}488833|48897 3/4891 14!489255 4893 96|489537|48967 7 |489818 
489958|490099|490239/490380/4905 20/49 066 1/490801|490941/491081/491222 


491362/491502/491642/491782}491922|492062|49220 1 /492341/492481|492621 
4927601492900/493040/4931791493319 493458/493597/493737/493576|494015 
494155|494294/494433]49457 2149471149485 0|494989/495 128/495 267 |495406 
495544|495683}495822/495 960/496099/496237 |496376/4965 1 4|496653/496791 
49693 0}497 068/497 206|497344|497482|497621|497759/497897|498035|498173 
4983 11/498448/4985 86|4987 24/498862/498999]/499137|499275}499412/499550 
499687|4995 24 }499962|5 00099/500236/500374/500511/500648/500785/500922 


530200 5303281530456/530584 530712/530840|530968/53 1095|531223/531351 
Ont dnt 224 Bay sag oO | 


TABLE XXIV. 
LOGARITHMS. OF NUMBERS. ce 
No. 3400— ——4000 Log. 531479602060 


4. | 5) 8 | 9 | Diff. 


531479 531607 asli34 531862 531990 532117532245 aearnen BR200 Berek 128 
127 


545307 545431)/545554/545678 545802 545925 |546049/546172/546296/546419 
546543/546666|546789|546913/547036)547 159|547282|547405|547529/547652 
$53 947775)547898)548021/548144 548266548389 5485 121548635|545758/545881 
549003 549126 549249 BANA TA 549494'549616|549739 549861 549984 550106 


551450)55 1572 551694 sige 551938 552059/5521811552303 552425 952546 


555094 Betas 555336 555457 555578 al 555820|555940/556061|/556182 


56937 4|569491/569608|569725|569842 569959|570076/570193|570309|570426 
570543(57 0660/57 0776/570893/57 1010 571126/5712431571359|571476/571592 

HS 5 5 5722911572407 |572523|572639/572755 
573452|573568|573684/573800/573915 
94574610 5747 26|574841)574957|575072 
575765|5758801575996/576111/576226 
2 576917|577032|577147|5977262/577377 
578066|578181/578295|578410/578525 
dT8754 Ora no 579097 579212/579326|579441|579555|579669 


34]57 9898/5800 12/580126/580240 580355 |580469/580583 580697580811 
5$1039|581153|581267|581381 5814951581608|581722|581836|581950 
31582177|582291/582404|582518 58263 1/582745|582858 
983312/583426|/583539/583652 583765|553879/583992 
584444/584557'584670|584783 5814896|585009/585 122! 
5855741585686 5857 99)585912 586024|586137 |586250)586362/586475 
58670015868 12|586925|587 037/587 149|5872621587374|587486|587599 
587823/587 935 |588047 [588160 58827 2|588384)588496/555608/58872 
588944)589056|589167|589279 589391 |589503|580615|589726|589838 
590061/59017315902841590396 590507159061 91590730'5908421590953 


5/5 91176 1176|591287 (591309 591510. 591621|591732|591843|591955|592066 
992177 |592288}592399|592510 592621 5927 32/592843/592954'593064|593175 
593286]5933971593508|593618|593729 593840|59395 0/594061|59417 1594282 
5$4393}594503|594613/5947 24 5948341594945 595055|595 165/595 27 6|5 95386 
595496|595606|5957 17 |595827 |595937 596047 |5 96157 (596267 |596377|5 964187 
596597}596707|596817|5 96927 |597 037/597 146/597 256|597366|597476|597585 

97695}597805|597 914598024 598134)598243 595353|598462/598572|598651 
598790}598900|5S9009 AOI 19 599228599337 §99446|599556|599665 599774 
599883599992 600101600210 600319, 600425/600537 600646 600755|600864 
600973}601082/601190; 3 601408'601517) 601625 601734/601843/601951 


568202(5683 19|568436|568554|56867 1 568788 a 569140/569257 


94 TABLE XXIV. 
LOGARITHMS OF NUMBERS. 
No. 4000—_——-4600 Log. 602060662758 
No.| 0 1 2 3 4 5) 


nn ee ee ee 


621176}621280/6213841621458/621592/621695)621799)/621903/622007|622110) 104 


622214/6223 18162242 1/6225 25|622628]/622732/622835 |62293 9/623042/623146) 104 
623249/623353|623456|62355 9|623663|6237 66|623869|/623972'/624076'624179| 103 
624282/624385/624488/624591|624694/624798/624901 |625004/625 107/625209! 103 
625312)625415}625518/625621 |6257 241625 827/625 929162603 2/626 135/626238) 103. 
6263 40)62614316265 46}626648/6267 5 1/626853/62695 6/627058}627 161/627263| 103 
627366}627468/62757 1162767 3}627 775|62787 8|627980/6289821628184|628287] 102 
628389)}628491/628593/628695/|6287 97|628900/629002/6291 04/629206}629308] 102 
629410/6295 1 11629613/6297 15|629817 (6299 | 9163002 1/636123/6302241630326} 102 
630428}]630530/63063 116307331630834/63 0936/63 1038/63 1139/631241/631342} 102 
631444]63 1545163 1647/631748/63 1849/63 195 1/632052)/632153/632255/632356| 101 
632457 |632558/632660|63 2761 |632862|632963|633 064/633 165(633266/633367| 101 
633468|6335691633670'63377 1163387 21633973|63407 4163.4175|6342761634376| I0L 
431 |6344771634578/6346791634779|634880/63498 1/635 08 1/635 182/635283'1635383; 101 
432 |635484|635584/635685|635755|635886/635 9S86/636086|636187|1636287|636388} 100 
433 |636488/636588!636688/636789/636889/6369891637 089/637 1891637289|637390} 100 
434 |637490|637590\637690|637790/637890/637990/638090/638190/638289/638389] 100 
435 |638489/638589|638689|638789/638888/638988/639088/1639188/639287|639387| 100 
436 (639486)639586/639686/639785|639885|63 9984 |640084|640183/640283/640382 99 
437 \6404811640581/640680/64077 9|64087 9/6410978/641077|641176/641276|641375 99 
438 641474 641573164167 2|641771'6418701641 97 01642069'642168/642267|642366 99 
439 (642464 642563/642662/1642761|6428690/64295 9164305 8/643 15616432551643354 99 
440 643453 613551164365 0'643749}643847\643946)644044|64414316442421644340 98 
441 (644439 614537|644635|644734|644832 6449311615029 645 127|645226/645324 98 
442 645422/645520/645619/6457 17|645815|/645913/64601 11646109|646208/646306 98 
443 646404 6465 02/646600|646698}/6467 96 646894|646991 647089)/647 187|647285 98 
444 (647383 647481/647579)|647676|647774 647872'647969 6415067 |648165|648262 98 
445 648360/648458/648555|648653164875 0164884 2/6489451649043|649140/649237 97 
446 6419335 |649432/649530/6 1962716497 24164982 1/649919,'650016/650113/650210 97 
447 (650307 650405/650502|6505 99/65 0696)}65 07 93'650890/650987/651L084/651181 97 
448 (651278 651375|65147 2/65 1569155 1666/65 1762165 1859/65 1956/652053/652150 97 
449 '652246|652343 652440/65 2536'652633/6527 30/65 2826/65 2923/65 30191653116 97 


L 
— 


450 653213 653309/653405/653502/653598|653695 653749 11653888!6539841654080 96 
654176|654273)/654369|654465 654562|651655 654754|654850/654946 655042 96 
655138/655234|655331/655427 Herb Sh eh ied 6558 10/655906/656002 96 
453 {656098 656194/656290|656386/656481 656577|656673 656769|656864|656960 96 
454 (657056)/657 1511657 247/657343/657438/65753.4|657629'6577 25/657 8201657 916 96 


455 |658011|658107/658202/658298|658393|658488165858416586791658774|658870| 95 
456 (658965/659060/659155/659250/659346/6594 4 1/659536'65 963 1'659726}659821 95 
457 |659916/660011/660106'6602011660296|/66039 | |}660486/660581|660676}660771 95 
458 |660865}660960|661055|6611501661245/661339 


661434|661529'6616231661718 
459 |661813/661907/662002|662096|662191 eran CIN 662663 


——___ 


fs | __— 


TABLE XXIV. 
LOGARITHMS OF NUMBERS. 
No. 4600-5200 Log. 662758716003. __ 


688420|688509|6885 98|688687 (68877 6|688865 688953 68904216891 31/689220 
689309 80896 689486|689575 sara 689753/689841/689930/690019|690107 


698970|699057|699144|69923 1/6993 17|699404/69949 1 |69957 8699664699751 
699838/699924/700011}700098|700184|700271|700358)700444/700531/700617 
700704|700790|700877|700963|701050|701136)701222)/701309/701395|701482 
701568/701654/701741|701827|701913|701999|702086|702172|702258)702344 
702430/702517|702603|702689|702775]7 0286 1|702947 |703033/7031191703205 
703291|703377|703463|703549/703635|7037 21/7 03807 |703893/703979|704065 
704150|704236|704322/704408|704494|704579)/704665 |70475 1|704837/704922 
705008|705094|705179|705265|705350)7 05436 7055 22/7 05607/705693|705778 
705864|705949|706035|706120|706206|706291/706376|706462|7 06547 |706632 


94 


94 
94 
94 
94 
93 
93 
93 
93 
93 


92 


92 
92 
92 
92 
91 


707570|707655|707740|707826|707911|707996|708081|708 166|70825 11708336 


7067 18|706803|706888/706974|707 059|707144)707229)/707315)707400/707485 
; 


70842 1|708506/70859 1/7 08676|708761]708846|7 0893 1|709015/709100/709185 


710963/711048/711132/711216/7 113017 11385)7 11470/711554/711638)711723 

711807 /711892/711976/712060|71214417 12229)|7 12313|712397|712481)7 12566 

712650|712734/712818/712902|712986}713070|713154|713238/713322/713406 

713490/7 1357417 1365817 1374217138267 13910/713994|714078)714162|714246 

714330}714414/714497(|7 14581|7 14665]7 14749|7 14832|714916}715000/7 15084 

715167|715251|7 15335 /715418)7 1550217 15586/715669)7 15753/715836|715920 
2 | 


area 


TABLE XXIV. 

LOGASITHMS OF NUMBERS. 

No. 5200--——-5800 Log. 7160023————763428 : 
oT) 2 [3 [475 8 | 9 [Di 
716003|716087|7 1670)7 162547 16337 |716421|7 165 04/7 16588|7 166711716754 
716838(716921/717004|717088/717171|717254|717338!7 17421/717504/7 17587 
71767 1/717754/717837|717920)|718003|718086/718 169'718253 718336718419 
718502|7 18585|718668)7 1875 1|718834|7 18917 |719000|719083/719165\7 19248 
719331)7194141719497|719580|7 19663]7 19745 |719828/719911/719994'720077 
72015917 20242/720325|7 20407 |7 2049072057317 20655 |720738/720821/720903 
720986|721068]7 2115 1!721233/721316|721398/721481|721563)721646,721728 
721811(721893|721975 722058|722140|7 222221722305 |722387|722469/7 22552 
7 22634|722716|7 22798|72288 117 22963 |7 23045 /7 23 127|723209)/725291|723374 


istemensettapataeninnsctanisi: | anenstinenenpespesssivesasen | “tesbintetncniietierneets t evsisesnacamasasemassisionns | it=essseiet tne hiene | iS enn. | pssbonra esas vargas ssnieemeniennis | isan ASniae oot Sat Snelson tn‘aliaae stantial ian a en 


72427 6|724358/724440|724522/724603|7 24685 |7 24767 |7 24849) 72493 11725013 
725095 |725 176|7 2525 8|725340/725422)/725503|725585|7 25 6677 25748/725830 
7259 12/725 9931726075 |726156|726238]726320|7 26401 |7 26483/726564|7 26646 
7267 27'726809/726890|726972|7 27053/727134|727216|727297|727379|727 460 
727541|727623)727704|727785|7 27866|727948/728029/7 281107 28191728273 
72835 4|728435 17285 16|7 28597 |7 2867 8|7 287597 28841 |728922/729003/729084 
7291 65|729246/729327|729408|729489)7 2957 0/7 2965 1|7 2973 2|729813|7 29893 
72997 4|730055)|730136|730217/730298|730378/730459|730540)7 306211730702 
730782|730863|730944/73 1024/731105|731186/731266|731347|731428/731508 
731589|731669|731750|731830|731911/73 1991 |732072/732152)732233|732313 


ee | mr | | | ef | 


32394/732474/732555|732635|7327 15|732796!73287 6|732956/733037/733 117 
733197|733278)733358|733438|7335 18|733598|73367 9|733759/733839/7 33919 
733999 73i800|731060 734240|734220!734400|734480!734560/734640/734720 


734800|734880|734960)735 040/735 120|735200|735279)7 35359) 735439/735519 
735599|7356791735759)|735838!7359 18|735998|7 3607 8/736 157|736237|7 36317 
736396|736476|736556|736635\736715|736795 |736874|736954|737034|737113 
737193 |737272|737352)|737431|7375 11|737590|737670|737749|737829/737908 
737987 |738067 |738146\738225 738305 |738384'738463|7 38543/738622/735701 
738781\738860|738939|739018/739097|739177 |739256|739335)739414/739493 
739572|73965 1|739730|739810|739889/739968/7 40047 |740126|740205 |7 40284 


a | | af | a | | | | | ees 


550 |740363|740442)/740521)740599/7 40678/7 40757 |740836|740915|740994 1741073 
551 (741152|741230)741309 741388/7 4 1467/7414 546|741624|741703|741782'741860 
552 |741939|742018|742096/742175|742254|742332|742411/742489/7 42568/7 42647 
553 |742725|742804|742882/742961|743039/743118|743196|743275|743353 174343 1 
554 |743510|743588|743667|743745 |743823/743902|743980|744058)744136|744215 
555 |744293|/7414371|744449 | 744528/744606|744684 |744762|744840|7 44919|744997 
556 1745075 |745153|74523 1|745309/7 45387|745465|745543|745621/745689/7 45777 
557 |745855|745933/746011|746089|746167|7 46245 |7 46323 |746401/746479|746556 
558 |746634|746712|746790|746868|746945|747023|747101|747179|747 256747334 
559 |747412|747489|747567|747645|747722'747800|747878)747 955|748033|748110 


ee 


560 '748188|748266|748343'748421|748498|748576!7 48653|7 48731 |748808/7 48885 
561 |748963|749040|749118|749195|749272/749350|749427|7 495 04/7 495821749659 
562 |749736|749814|749891|749968)750045|750123/750200|750277|750354|750431 
563 |750508|750586|750663|75 0740/75 0817|750894!750971|751048/751125|751202 
564 |751279/751356)75 1433/7515 10/75 1587|75 1664/75 1741|751818/75 1895/75 1972 
565 |752048|752125|752202/75 2279/75 2356|752433 7525 09|752586|752663/752740 


79|762754|762829|762904 
| 1 | 2 


TABLE XXIV. 97 
LOGARITHMS OF NUMBERS. 
No. 5890————-6400 Log. 763428——_—_—_-806180. 


No.| 0 1 2 3 4 9) 6 ‘G 8 9 | Diff. 
580 |763428|763503|763578|763653|7 637 27|763802|7 63877 |763952|764027|764101| 75 
581 |764176|764251|764326|764400|764475|764550|7 64624|764699|764774|764845| 75 
582 |764923|76499 52211 
583 1765669|7657431765818|765892|765966|7 660417661 15|766190|766264|766333| 74 


584 |766413|766487|766562|766636|7667 10|766785 |76685 9/7 66933|767007|767082 74 
585 |767156|767230|767304|7673791767453|767527|7 67 601|7 67 675|767749|767823 74 
586 |767898|76797 2|768046|7681201768194|768268/7 683 42/7 68416|768490/768564 74 
587 |765638/7687 12'768786|768860/768934|7 69008 |769082/7 69 156!769230|769303 74 
588 |769377|76945 1|769525|7695 99176967 3|769746'769820/7 69894 |769968)7 70042 74 
_ 589 | 770115|770189,770263/770336|770410)|770484)7 70557 |77 063 1|770705|770778 74 


eS ee Le eee eee ee ee 


~ 690 |770852|7709261770999|77 1073|77 1 146|77 1220|771293|77 1367|77 1440/77 1514 74 
591 '771587|771661|771734/771808)}77 1881/77 1955/77 2023/77 2102|772 175/77 2248 73 
592 (772322|772395|772468/772542|772615|772688)7 7 2762|77 2835|772908)7 72981 73 
593 |773055|773128|773201/773274|773348/773421|773494 (773567 |773640)7737 13 73 
594 \773786|773860|773933|774006|774079/774152|774225|774298|77437 1|7744.44 73 
595 |774517|774590|774663|7 74736|774809|774882)7 74955 |775028'775 100,775173 73 | 
596 |775246|775319|775392|775465|775538|77561 0/7 75683 |775756\775829|7 75902 73 

597 |775974|776047|776120|776193|776265|775338/776411|776483|776556|776629 73 4 
598 |776701|776774|776846|776919)|776992!777064/777137|777209/777 282|77 73514 73 

599 |777427|777499|777572|777644|777717/777789|777862|777934|77 8006|778079 73 


600 


7781511778224/778296/778368|7 78441 |7785 13|778585|778658|778730|778802 72 
601 |778874|778947|779019|779091|779163|/779236|779308)/779380|7 7945277 9524 72 
602 |779596|779669/7797411779813|779885|77 9957 |780029/780101|780173|780245 72 
603 |780317/780389|780461|780533/780605|780677|780749|780821|780893|7 80965 72 
604 |781037|781109|781181/781253)/781324|781396/7 81468/7815410/781612/75168 72 
605 \781755|781827|781899/78197 1|782042|782114/782186/782258|782329/782401 72 
606 |782473|7825441782616/782688)7 82759/7 8283 1|782902|782974|783046|783 117 72. 
607 (783189|783260/783332|7834031783475|783546|783618)783689|7 83761|783832 71 
608 |783904|783975|784046|784118}784189|7 8426 1!7843321784403/784475/7384546 71 
609 |784617/784689|784760)7 8483 1 |784902|78497 4/7 85045 |785 116/785 187|785259 71 
610 |785330|785401|78547 2/7855 43|785615|785686!785757 |785828)785899|7 85970 71 
611 |786041|786112\786183|786254)7 86325 |7 86396 '7 86 167 |786538/7 866097 86680 71 
612 |786751|786822|786893|786964|787035 787106\787177 787 248|787319/787390 71 
613 1787460|787531|787602|787673|787744|787815/787885|787 956|788027 |788098 71 


614 |788168|788239|788310|788381/78845 1|7 885 22/7885 93 |788663)|7 88734|788804 71 
615 |788875|785946/789016|789087 |789157/789228/759299)|7 89369|759440/7895 10 71 
616 |789581|78965 1/7897 22/7897 92|789863/789933/7 900047 9007 4|799144/790215 70 
617 |790285|790356|790426|790496)790567|790637|7 907 07 |790778|790848)|790918 70 
618 |790988|791059)|7 91129|791199/7 91269/791340/791410/791480)7 91550}7 91620 70 
619 '791691|791761|79183 1/791901/79197 1|792041 |792111)792181/792252}792322 70 


620 |792392|792462|79253217 92602179267 217927427928 12|792882 79295 21793022 70 
621 |793092|793162|79323 1]793301|79337 17934 41)7935 1179358 1|7 9365 1|793721 70 
622 |793790|793860/7 93930|794000/794070|7 94139|794209)7 94279|794349|794415 70 
623 1794485|794558/794627|7 94697 |7 947 67|7 914836|794906)7 94976|795045/795 115 70 
624 |795185/795254|795324|7 95393 |795463|795532)795602/7 9567 1179574 1/7958 11 69 
625 |7958801795949|796019]796088|7 96 158)7 9622717 96297 |7 96366|7 96136|796505| ~ 69 
626 |796574|796644|7 96713]796782|7 9685 2|7 9692 1|796990/797060|797 129|797 198 69 
627 |797268|797337|797406!7 974751797545 |7 976 14\797683|7 97752|797821)|797890 69 
625 '797960|798029/798098)7 98167 |798236/7 98305|79837 4|798443/7 985 1 2/798582 69 
79865 117987 20!798789)7 9885817 98927 |7 98996|7 99065 |7 991 34|799203|799272] | 69 


630 |799341|799409|799478)7 995 47 |7996 1 6|799685|7 99754/799823/799892/799961 69 

631 |800029|500098/800167/800236|800305|800373/800442/8005111800580}800648 69 
632 |800717|800786|/80085 4|800923|800992|/801060/801129|801198/801266)/801335 69 
633 |801404)801472|801541/801609/801678|801747|801815|801884|/801952)802021 69 
634 |802089/802158/802226/802295|802363/802432]802500/802568/802637 [802705 68 
635 |802774|802842/502910/802979/803047/803 116/803 184/803252/803321}50338S 68 
636 |803457/803525/803594|803662/803730|8037 98}803867 |803935|804003/50407 1 68 
637 |8041139/804208/80427 6|804344 ,804412|/804480/8045 48/804616/804685 |804753 65 
638 (804821/804889/804957 |805 0251805 093/805 16 11805 229/805 297 |805 365 |3805433 68 
639 [805501 805569 805637/8057 051805773/80584 1 (805908/805976!80604 1/806112 68 


moan 


98 TABLE XXIV. 
LOGARITHMS OF NUMBERS. 
~ No. 6400——7000——“‘i‘;*‘CWL ge. 80G1SO-————845098 
1 8: |) 4 |) Be P6a Paes | Oo ae 


5806180/806245/8063 16|/806384/80645 1/8065 19/506587 |506655 |8067 23/8067 90 68 
641 |806858|806926/806994/807 061807 129/807 197|807264/807332/807400/807 467 68 
807603|807670|807738/807806|507873/807 94 1 |808008/§0807 6/808143 68 
643 |808211/808279/8083 46/8084 1 4|80848 1/8085 49/8086 16/808684|808751/808818 68 
644 |808886|805953/809021/809088|809156|809223 |809290/809355/809425 |809492 67 
645 |809560/809627 |809694|809762|809829 8098961809964 810031|810098/810165 67 
646 |810233/810300/8 10367 $10434/810501 810569)/510636/810703/810770/310837 67 


647 |810904/810971]511038/811106/811173/811240/811307|811374/811441/811508 67 
649 

650 |812913/812980/813047/813114/513181/8 132475133 14/813381/813445/513514 67 
651 |813581)813648/813714|813781|813848!813914/813981|814048|/514114)514181 67 
652 |814248/814314|814381/814447|814514/814581/814647 |814714/514780/8 14847 67 
653 |814913/814950/$15046)815113)815179|815246/815312)815378/515445/815511 66 
654 |815578)815614/815711/815777/815843[815910/515976/816042|/816109/5 16175 66 
655 |816241/816308/816374/816440|8 16506|/816573,516639/8 167 05|/816771)816835 66 
656 |816904)816970/817036)817102|817169)|S17235/817301 |817367/817433|817499 66 
657 |817565|517631/§17698/817764|817830|/817896/817962/818028/818094/518160 66 
658 |818226/818292/818358)/818424/818490/8 1 8556/8 18622|818688/818754|815819 66 


18885|818951|819017/81 9083/8191 49|819215/81928 1 |819346|819412|819478 66 


es i ee | | | | | 


819544|819610/819675|8197 41|819507/819873/819939|820004'820070/520136 66 

820399/820464|820530'8205 95 |820661/8207 27/8207 92 66 
821055/821120'821186/821251!821317|821382/821448 66 
821710|821775|821841|821906/82 1972522037 /822103 65 
'822364|822430/822495 822560/822626|822691/822756 65 
'823018/823083/823 148/823213/823279,523344/8234u9 65 
82367 0/823735/823800/523865 182393 0/823996|524061 65 
8243211824386182445 1|8245 16/824581/824646/8247 11 65 
‘82497 11825036/S825 101/825 166/825 23 11825296/825361 65 
825621/825686/82575 1/825815|825880/825 945/826010 65 
826269/826334|826399|826464/826528)826593/826658 65 

826917|826981/827 046/827111/827 175/827 249/827305 


-—_—— SS SS | | 


844477|844539|844601|844664|844726|844788|844850/84491 2184497 4|845036 
0) 12 -Qe[ ea feee ibe 6: (ral eel ae 


TABLE XXIV. 
LOGARITHMS OF NUMBERS. 

No. 7000————-7600 Log. 845098-_——— 8800814 

No.| 0 1 2 3 


700 |845095/845 160/845 222/545284 
701 |845718/845780/845842/845904|545 966/846028 
702 |846337|846399|846461|846523/846584|846646 
703 |846955|847017|847079/847 141|847 202/847 264|8473261847388|847449|/847511 
704 (847573/847634|847696/847758/847819/84788 1'847943/848004|848066/848127 
705 '848189]841825 1|848312/848374|848435/848497 |84855 9/848620|848682|848743 62 
706 |818805|848866|848928|848989|84905 1/849112/849174/849235'849296 849358 61 
707 |849419}849481/849542/849604/849665/8497 26|849758/84984 
708 |850033/850095/850156/850217|850279/85 0340/850401 |850462/850524/850585 61 
709 |850646|850707/850769/85083 0/85 089 1 /85095 2/85 1014/85 1075/85 1136/85 1197 61 


710 (851255/85 1320/85 1381/85 1442/55 1503/85 1564/55 1625/85 1686185 1747/851805 61 
711 (851870/851931/85 1992)852053|852114/852175/85 2236/85 2297/85 23581852419 61 
712 |852480/55 2541/85 2602/85 2663/85 27 24/85 2785/85 2846/85 2907/85 2968/853029 61 
713. (853090/853150/853211/853272/853333/853394/553455/8535 16/853576/853637 61 
714 |853695|853759|853820/85388 1/853941/854002/854063/854124/854185|854245 61 
715. (854306 
716 |854913|854974/855 034/855 095/855 156/855 216/855 277|855337'855398|855459 61 
717 |855519]855580/855640)855701 |855761/855822/855882/555943/856003/856064 
718 |856124'8561851856245|/856306 856366'856427 856487|856548|8566081856668 
719 |856729/556789/856850|856910!85697 0/857 03 1/857091|85715 1/857 212/857272 60 


| - | | 


——— 


846708/846770'846832/846894 


721 1857935|857995/858056|858116/858176/858236|858297|858357/5584 17 [858477 
722 |858537|858597|85 8657 |8587 18/8587 78|855838)/858898/858958/859018/859078 60 
723 |859138/859198/859258/859318 SOS 7S eaekse 859499]/859559/85961 91859679 60 
724 |859730/859799/85 9858/85 991 8|859978 860038/860098|860 158/860218/860278 60 
725 |860335/860398/860458)/8605 18|860578/860637|860697|8607 57 |860817|860877 60 
726 '860937'360996/561056/861116/861176'561236/861295,8613551861415/861475 60 
727 '861534,861594/861654/861714 861773|861833 861893/561952/862012|862072 60 


728 '8621311862191|86225 1/8623 10|/862370|862.430/862489|862549|S62608/862668] 60 
729 |862725}862787|862847|862906|862966|863 025|863085|563144|863204 (863263 69 
730 '8633231863382|8634421863501/86356 1 '863620|863650|863739|863798/863858; 9 


864333/8643921864452| 59 
861926 864985|865015| 59 
865578/865637| 59 
8661691866228] 59 
866760|860819 59 

8674091 59 
59 
59 


1864214|86 1274 
864808|864867 
8654091865459|865518 


$63917}863977 |864036|864096|864155 
86 1511}86457 0|86463 0\864689|864748 
‘(865 104]865 163/865 222}865282|865341 
865696/865755|86581 4|86587 4/865 933'565 992'86605 1/8661 10 
866287 |866346|866405|866465 8665241866583 866642/866701 
86687 8}866937 |866996|867 055/867 114|867 173/867 232/867291/867350 
867467 |8675 26|867585|867 644/567 7 03 |867 762/86782] |867880/867939{567 998 
868056|8681 15|/868174|865233}868292/568350/868409 868468|8685 27 |868586 
868644|8687 03|868762/868521|/868879 868938 /868997 |869056/869 11 4|569173 


86923 2/869290/869349/869408!869466 8695 25 56955 4/869642/8697 01|S6976) 
869818}569877|869935 869994|870053 870111|870170)570228/87 0287 |8703 15 
870404|87 0462/87 0521/87 057 9|87 0635|870696/870755|870813/87087 2157 0930 
870989|87 1047/87 1106/87 1164|87 1223|87 1281/87 1339|871398/87 1456)871515 
871573]57 163 1|87 1690/87 1748/87 1806)87 1865/87 1923/87 198 1/87 2040|872098 
872156|872215|872273]87 233 1|872389|87 2448/87 2506/87 2564/87 2622/87 2631 
87 2739/87 2797|872855|87 2913/87 297 2|87303 0/873088/873 146|873204/873262 
873321]873379|873437|873495|873553|873611/873669/87 37 27|873785|873844 
873902|873960/874018/87407 6187 41341874192!874250|87 4308/874366|874424 


——— Oe en 


6750611875 119/875 177|875235/875293'87535 1/875409/875466/$75524|875582 
875640|875698)/875756|875813|87587 1'875929|875 9871876045 876102/876160 
187621887627 6|876333|87 639 1|876449|8765 07 |87 6564 876622/876680 876737 
1876795 876853/876910|876968|877 026/877 083/877 141877 198/577 256/877314 58 
$7737 1|877429|877486|877544|877602|87 7659187 7717187777 4|877832/'877889 58 
877947 /878004/|87 8062/875119|878177 8782341878292,875319/578407|/578464 57 
378522/878579)/878637|878694|87 875 1 |878509 878866|878924/878981 879038 57 
879096|379153/879211 879268]879325 879383'879440/379497)|579555'87 9612 57 
879669 380200/860356)560413 879898!879956/880013|88007 0/880 127|/580185 57 


8S80242/880299/8803561880413/88047 1/880528 880585 |880612|856699 88075 
[30 [ae oe eeele4e| 68 165|27 5\ 264.19 


——<——— 


100 TABLE XXIV. 
LOGARITHMS OF NUMBERS. 

No. 7600-———-8200 Log. 880814 
No.| 0 | 6 
760 SuoaTalSSOur 11880928/880985!881042/881099/581156/881213/881270/8$8 1 325 
761 |1881385|881442|881499|881556!881613/881670|881727/881784/881841/88189g8 
762 |S81955 882012 882069/882126/852183/882240/882297/882354/882411/882468 
763 188252418825 81188263 8/882695|88275 2|882809/882866/882923/852980|853037 
764 (883093/883 150/883 207 |883264/883321/883377|883434|883491|883548/883605 
765 B83661 8837 18/883775|883832/883888/883945|884002/884059|884115|884172 
766 '884229/884285|884342|884399/884455/8845 12|§845691884625)|884682/884739 
767 $84795|S84852/884909/884965|885022'885 07 8/885 135/885 192/885 248/885305 
768 |S85361/885418/885 47 4/88553 1|885587|885644|885 700|885757/885813/885870 
769 |1885926/885983/886039/886096/88615 2/886209/886265/886321/886378|S86434 


770 |886491/886547|886604|8S6660 1s 


—913814 


8867 16/886773 886829/886885|586942/586998 
771 (887054/887 111/887 167 |887223|887280)887336|887392|887449 887505 |887561 
772 |887617|887674|887730|8877 86|S87542|887898|887 955|S8801 1|888067 |888123 
773 |888179/888236/8882921888348/888404'1888460/8885 16}888573/888629/888685 
774 |888741|888797 ebpetnerper 888965|589021/889077(889134|889190/889246 
775 |889302|889358)/8894 1 4/88947 0/8895 26/8895 82/889638/889694/ 8897 50/889806 
776 |S89862/88991 8|88997 4|890030|890086/890141/890197|890253/890309|890365 
777 |890421/890477|890533|890589|§90644|8907 00/890756|8908 12 890868/890924 
778 |890950/891035/591091/891 147|891203/891259/891314|891370/891 426/891 482 
779 |891537/891593)/89164 9/89 1705|891760/891816/891 872/891928/891983 852039 


780 5 892206|892262|8923 17|892373|892429|8924 848925 40/892595 
892762|892818|892873|592929|892985|893040/893096/89315 I 
8933 181893373|893429|893484|8935 10/8935 95/89365 11893706 
8938731893928|893984|894039/894094|894150|894205|894261 
784 |894316|89437 1|894427|8944821894538|894593/894648/894704'/594759|S945 14 
785 |594870|894925|894980|895 036/895 091/895 146895201 /895257|8953 12|895367 
786 |895423/895.478|895533|8955 88/895 643 |/895699|895754/895809895864)895920 
787 |895975|896030/896085/896 140/896195/89625 1/896306,89636 1/8964 16/89 6471 
788 |$96526|896581|896636|S96692|8967 47|896802!896857 (8969 1 2;896967 |897 022 
789 |897077|897132|897187|897 242/897 297|897 352/897 407/897 462/89 7517|897572 
790 |897627|897 682/897 737 |897792/897847 [897 902/897 95 7/8980 12\898067 (898122 
791 |898176/59823 1|898286|89834 1|898396|89845 1/8985 06/898561|898615|S9867 0 
792 |898725|898780|S98835|1898890|898944|898999|89905 4|899109|899164|899218 


781 |89265 11892707 
782 |§93207|893262 
783 |893762|893817 


ie 2) 


794 899820/899875/899930/899985|900039/900994)/9001 49:900203 900258/900312 
795 (900367/900422/900476/900531|900586|900640 900695 |900749|900804 900858 
796 |900913|900968/901022/901077 (90113 1|901186/901240,901295|901349|901404 
4o7 [901458 9015 13|901567/901622|901676/90173 1|801785/991840'901894/901948 
798 |902003|902057 ,902112)902166|902221|902275/902329|902384/902438)¢ 


799 |902547 902601/902655 902710|902764 902818'902873 902927|90298 1 |903036 
800 |903090 903144/903 1981903253 903307|903361/903416 903470, 
801 |903632/903687 90374 1/9037 95 903849/903903 /903958|904012/904066|904120 

802 |904174/904228 904283/904337|904391 |904445|904499/90 1553 904607 |904661 

803 |904715|904770/904824|904878/90 193 2|904986/905040/905094'905 148/905202 

804 |905256/9053 10/905364|905418|90547 2905526 905580905634 905688 905742 

$05 |905796/905850'905904|905958|906012|906065/906119/906173/906 

806 {906335 §06389|906443 906497 |90655 0|906604/906658/9067 12/90676 

807 |906873|906927|90698 1 /907035|907 089] 907 142/907 196|907250/907304|907358 

89S |997411)/907465 9075 19|907573|907626 907680/9077 34|907787|907 84 1/907 895 

907948|908002'908056 wal 0aeexon 908217/908270/908324'908378/908 43 1 

908485/908539,908592/908646|908699 908753|908807 908860908914 

909021 909074/9091 28/909181,909235/909288/909342/909395|909449|909502 

812~|909556 noua tai 9097 161909770 909823/909877|909930/909984|910037 


_—_———— 


813 (910090/910144|910197|91 025 1/910304/910358/910411|910464,910518/910571 
814 |910624/910678/910731|910784/91 0838/910891/910944'910998 5 
815 |911158/911211/911264/911317/911371 911424/911477|911530 >) 


818 Phare A OE aC06 912859/912913/912966/9130191913072,913125|913178|913231 
819 1913284 913337/913290/9134413/913496/913549/9013602/913655/913708/913761 
“oliri2:{s{ 4 iA BB 


— 


SS 


TABLE XXIV. 101 
LOGARITHMS OF NUMBERS. 


! No. 82008800 Log. 913814——944483 


Nop O;i,2(s[4[5 [6 [7/8 | 9 pr 
820 9138141913867 913920)913973)/914026 


914079/9141311914184)914237|9 14290 53 
821 |914343)914396/914449|/914502/914555/914608/91 4660/9147 13/914766/914819 53 


822 )914872|914925|914977/915030/915083/915 136/915 185/91524 1 1915294915347] 53 
823 1915400/915453/915505|915558}9156111915664/9157 16/9 15769|/915822/915874| 53 
824 |915927/915980/916033)9160851916138]916191}916243'916296/916349)916401) 53 
825 }916454|916507|916559|916612)916664|916717|916770/916822/916875/916927) 53 
826 |916980|917033/917085|917 1381917190|917243 917295|917348/917400|917453| 53 
827 |917505|917558'917610|917663/917715|917768/917820/917873/917925|917978| 52 
828 |918030|918083|918135|918188|918240/915292|9183451918397/918450/918502| 52 
$29 |9185551918607 191865 9/9187 12/918764|918816|/918869|918921|918973/919026) 52 
830 |919078|/919130/919183|919235}919287 19 19340/9193921919444/919496/919549] 62 
831 |919601|919653/919705/919758/919810/919862/91991 4|919967|920019/920071) 562 
832 |920123/920175|920228|/920280|9203321920384/920436/920489/920541/920593| 52 
833 |920645|920697|920749|920801|920853/920996/920958|921010|/921062/921114| 52 
834 |1921166|921218|921270|921322/9213741921426|92147819215301921582/921634| 52 
835 |921686|921738/921790|921842/921894/921946/921998/922050/922102/922154| 52 
836. |922206/92225 5/9223 1 0|/922362/9224 1 4|922466/9225 18192257 0|/922622/922674| 52 
837 |922725|922777|922829|922881/922933|922985|923037|923088/923140/923192] 52 
838 |923244|9232961923348|923399192345 1 |923503/923555|923607/923658/923710| 52 
839 |923762|9238141923865|923917/923969|924021/92407 2/924 124/924176/921228| 52 
840 |924279/924331192438%|9244341924486|924538/924589/92464 1|924693|/924744| 52 
841 |924796/9241848/924899}924 95 11925 002/925 054/925 106/925 157 |925209|925260| 52 
842 |925312)92536419254 15|925467|/925518|925570|925621|925673/925724)925776| 52 
843 |925828|925879]92593 11925 982|926034|926085|926137/926188|9262391926291| 51 
844 |926342/9263941926445|926497 (9265 48/926600/92665 119267 02/9267 541926805 51 
845 |926857|926908/92695$|927 0111927062927 114|927 165|927216|927268|927319, 51 


846 927370|927422|927473|927524|92757 6/927 627 |927678|927730|927781|927832| 51 
847 1278831927935 /927956|928037|928088|928 1 40/928191)928242,928293/928345| 51 
848 1928396928447 /928498]9285.49|928601 |928652|92587 03/928754|928805|928856| 51 
849, '928908/928959|929010/929061|9291 12/929163|929214|929266|929317/929368, 51 
850 |929419|929470/929521|92957 2|929623|92967 4|9297 25|929776|929827|929878) 51 


851 |929930)929981 |930032|930083/930134|930185|93 0236/930287|930338)930389 51 
852 1930440/930491|930541/930592|930643|930694|930745|9307 96/93 0847 |930898 51 
853 |930949/931000/93105 1/931102/931153/931203/93 1254/93 1305/93 1356/93 1407 51 


854 |931458]931509]931560|931610|931661|931712/931763/931814|931864|931915 51 
855 |931966|932017|932068/932118/932169|932220/93227 1]932321/932372|932423 51 
856 |93247 4/9325 241932575/932626|/932677 [9327 27 |9327 7 8|932829|/93 287 9|932930 51 
857 |932981/933031/933082/933 133933183 |933234|933285]933335|933386/933437 51 
858 |933487/933538/933588/933639/933690|9337 40|9337911933841|933892/933943 51 
859 |933993|934044/934094/9341 45 |93.4195|934246/93 4296/9343 47 |934397 |934445 51 

934498|934549/934599|93465 0/9347 00/93475 1 |93480119348521934902|934953 50 

935003|935054|935 104/935 154|935205|935255|935306|935356|935406/935457 50 
935709/935759|935809/935860/935910|935960 50 
936212/936262)9363 13/936363/936413/936463 50 


4|9367 15|936765|936815|936865|936916/936966 50 
937217|937267|937317|937367|937418/937468 50 
9377 18/937769/937819|937 869|937919|/937969 56 


9382 19/938269/9383 19|938370|938420|/938470 
'938720\93877 0|938820/938870|938920| 938970 
939220 93927 0/9393 1 9|/939369/939419|939469 
9397 19|9397691939819 
940215/940267|940317|940367 |9404 14 |940467 
9407 16)940765|940815|940865|940915|940964 
3/941213)941263)9413 13/941362)9.411412)/941462 
941710/941760/941809/941859/94 1909/941958 


942206/942256)942306|942355/942405|942454 50 
$)942702/942752/941280 1|912585 1|9.42900/942950 50 
943 198|943247 |943297 |943346|943396)943445 49 
943692|943742/943791 943841)/943890 943939 49 
944186/944236/9 4428594433519 14384|944433 49 


es) 
bs 


aa |e 


TABLE XXIV. 
LOGARITHMS OF NUMBERS. 
No, 8800-9400 Log. 944483-——_—_9731 28. 
Sag REY darn 9 


954725 
902 |955206 
903 |955688 


9539051953953 954001 95.4049 951098/954146 954 194 
387 |954435/9544841954532/9541580/954628/954677 
99 1773|95452 1|954869)|954918|954966| 955014 |955062/955 1101955158 


955255/955303/955351 955399 955447 955495 955543 955592/955640 
955736|955784/955832|$ 


909 |958564/958612/958659|9587 07 }958755|9588031958850 asus 5894619. 58994 48 


95904 1/9590891959137 (959184 ]959232|9592801959328195937 Seen 959471]. 48 
911 |959518/959566|959614|959661]9597 09|959757|9598041959852 


959900/959947 48 
959995!960042)/960090\960138}]960185|960233/96028 1 |9603 28 /9603761960423 48 


¢ 96085 1!960899 48 
960946/960994/961041|961 089]96 1 136/961184196123 119612791961326961374 48 
915 |961421/96 1469/9615 16/96 1563|961611|961658|961706\961753/961S01'9G1848| 47 
§61895|961943/961990|9620381962085|962 1 32|962 180\962227|962275|962322| 47 
917 |962369/962417|962464 962559'962606/962653|9627 01 
918 |962843|962890'962937|9629851963032 
919 |963315|963363/963410/963457|963504 


920 |963788|963835|963882 9639291963977 


9627 48|962795 47 
963 126/963 174/963221/963268 47 
963552 963646/963693|963741 47 
964024/96407 1/964118|964165|964212 are. 
921 |964260/964307/|964354 96440 1|964448/964495 |964542|964590/964637|964684 47 
922 |964731|964778|964825 |96487 2)964919/964966/965 013/965 060/965 108/965 155 47 
923 |965202/965 249' 965 296/965343/965390/965437 |965484|96553 1/965578/965625 47 
924 |965672|965719|965766/965813 nos20} 00376 965954/96609 1/966048/966095 47 


963079 


925 |966142|966189/966236/966283/9663 29 | 96637 6|966 423 |96647 0|/9665 17|966564 47 
926 |966611|966658)|9667 05|96675 2|9667 98 966845 |9866892|96693 9/966986/967 033 47 
927 |967080|967 127 |967 173|/967220/967 267 |9673 14|96736 1 |967408/967 45 4/967501 47 
967548|967595 967 642|967688]967 735/967 782/967 829|967 875/967 922/967 969 47 
96801 6|968062'¢ y 8296/9683 43/968389/968436 47 
930 |968483/968530\968576|968623|96867 0/9687 16|968763|9688 1 0/968856|968903 47 
931 |968950!968996/969043/969090|969 136|969 183|969229|969276/9693 23 |969369 47 
932 9694 16|969462|969509|969556|969602'969649|969695 |9697 42|9697 881969835 47 
933 |969882)969928|S6997 5!97 0021 |970068|/970114|9701611970207/97025 41970300 AT 
$34 |970347/970393|970440)/97 0486/97 0533|970579/97 0626/97 067 2/97 07 19\97 0765 47 
935 |970812)970858/97 0904/97 095 1|97 0997 97 1044/97 1090/97 1 137/97 1183\971229 46 
‘ 


908 |958086/958134|958181|958229 958277 958325 958373 0584 20/958. 168 958516 48 i 


936 |971276|971322|971369'971415|97 1461/97 1508/97 1554/97 1600)97 1647/97 1693 46 
937 \9717401971786 971832) 971879 97 1925/97 197 11/972018|972064/972110!972156 46 
938 |972203|/97 722491972295, 972342}97 2388/97 2434/97 2480/9725 271972573)972619 46 
_ 939 972666) 97 27 12|972758)97 2804/97 285 1/97 2897 {97 29-43 |97 2989 ; 46 


5 1994757 |994801/994845/994889 


998 
999 


TABLE XXIV. 
LOGARITHMS OF NUMBERS. 


No. 3400-10009 Log. 973128-_—— 


3 | 
97326619733 1319733591973405|97345 1197 3497|973543, 


973128|973174|973220 


979093)|979138|979184/979230|979275|979321/979366) 97 94 12/97 9457 |979503 
979548}9795 94/97 9639/97 9685|979730|97 9776/97 9821/97 9867|979912'979958 
980003)|980049/980094/980 140/980 185|98023 1|980276|980322/980367|9S0412 


980458/980503!9805 49/9805 94/950640/980685/980730 
980912/980957/98 1063/98 1048}981093]951139/981184 
981365|981411/981456/981501/981547/981592/981637 
981819/981864|981909/981954/982000!982045|982090 


982271 ses 982362)982407 052452/082497 982543 
9827 23|982769|9528 14/982859]982904/982949|952994 
983175|983220|983265/9833 10/983356|983401/983446 
983626|983 67 1/9537 16}983762]983807|983852|983897 
9841077 |984122/984167/984212/984 257 |984302|984347 
984527 |984572/984617 |984662)9847 07 |984752/984797 
984977 |985 022/985 067/985 112!985 157/985 202/985 247 
985.426 98547 1/9855 16/985561/985606|98565 1/983 696 
1985875 |985920|985965/986010/986055|986100|986144 
986324 |986369/956413/986458)986503/986548)|986593 


086772/986816|956S61 986906)|98695 1|986995 


a 


980776/980821/980867 
981229/981275/981320 
981683/981728|981773 
982135|982181/982226 
982588/982633/ 982678 
983040/983085|983 130 
983491)983536/983581 
983942/983987|984932 
984392/984437|984482 
984842/984887/981932 
985 292/985337|985382 
98574 1/9857 86/985830 
986 189/986234)986279 
986637 |986682 986727 


987 040/987 085 |987 130/987 174 


987219/987264|987 309.987353|987398|987 443]987487|987532|987577|987622 


987666|98771 1/98775 6|987800|987845|987 8901987934 
988113|988157|988202|988247/98829 1|988336|988381 
988559|988603|988648/9886931088737|988782| 9888: 

989005|989049 989094|989 138|9891 83/989227|989272 
959450/989494|989539|989583|989628/98967 219897 17 
989895 |989939/989983/990028|99007 21990117|990161 
990339|990383/990428|990472|9905 16/990561|990605 
990783|990827|99087 1/9909 1 6990960/991004|991049 
991226|99127 0/9913 15/991359]991403|991448|991492 
991669|991713|991757,991802|991846|991890|991934 
992111|/992156|992200|99224 4|992285|992333|992377 
992553|992598|992642!/992686|992730|992774 
992995'993039/993083/993 127|993172|993216/993260 
993436|993480|993524/993568|993613|993657/993701 
993877 |993921/993065|9940091994053]994097|994141 
994317 |994361/994405|99.41449]994493|994537|994581 
994933|994977|995021 
995 196|995240|995284]995328]/995372|995416}995460 
995635 [99567 9|995723|995767|9958 11995854 |995898 
996074 |996117|996161|996205)996249|996293|996336 
9965 12'996555|996599|996643|996687|9967 30996774 
996949|996993|997 037|997080|997 124|997 168|997212 
997386|997 430/997 47 4|9975 17|997561|997605|997648 
997823|997867|9979101997954|997 998|99804 11998085 
199825 9|9983031998346|998390|99843.4|998477|998521 
998695 |998739'998782|998526| 9988609989 13]998956 
999130/999174 999218|999261|999305}999348]999392 
ae ores 9996961999739|999783| = 


Tessas Tse 


987 97 9|988024|988068 
988425/98847 0/9885 14 
98887 1/988915/988960 

936 1|/989105 
98976 1/989806'989850 
990206/990250/990294 
99065 0|990694/990738 
991093|991137/99 Lis2 


9915361991580|99 1625 


991979]992023/992067 
992421/992465|992509 


9928 18/992863/992907/99295 1 


993304|9933.45/993392 
993745 |993789/993833 
994185/994229)9941273 
994625/994669/9947 13 
995 064/995 108/995 152 
995504|995547/995591 

995942/995986)996030 
996380/996424/996468 


997255|997299)\9973 43 
997692)997736/997779 
998125/998172}998216 


{998564|998608)998652 


999043/999087 
9994178/999522 
9999131999957 


FS EBA 


999000 
G99435 
‘999870 


LOGARITHMIC SINES AND TANGENTS. 


6.162696 
6.257635 
6.384545 
§ .463726 


6.530673 


6.588665 
6.639817 
6.685575 
6.726967 
6.764756 


6.799518 


6.831703 
6.861666 
6.889695 
6.916024 
6.910847 


6.961328 


6.986605 
7.007794 
7.027997 
7.047303 
7.065786 
.083515 
- 100548 
. 116938 
. 132733 
. 147973 
- 162696 


7 
7 
7 
7 
7 
7 
ir 
7. 
T. 
i; 
7. 
a 
7.2 
@: 
(e 
he 
7.2 
7.3 
hs 
ae 
he 
ane 
7. 
Lf 
re. 
Te 
7.3 
7. 


7.417968 


“10 | 7.425937 


7.456426 
7.463725 


32185 
29963 
28029 
26329 
24823 
23481 
22276 
21189 
20203 
19305 
18483 
17729 
17033 


TABLE XXV. 


5.685575 
5.986605 
6.162696 
6.287635 
6.384545 
6.463726 


6.530673 


6.588665 
6.639817 
6.685575 
6.726967 
6.764756 


“| "6.799518 


6.831703 
6.861666 
6.889695 
6.916024 
6.940847 


6.964329 


6.986605 
7.007794 
7.027998 
7.047303 
7.065786 


7.083515 


7.100548 
7.116939 
7.132733 
7.147973 
7.162696 


7.176937 
7.190725 
7.204089 
7.217054 
7.229643 
7.241878 


7.253777 


7.265359 
7.276640 
7.287635 
7.298359 
7.308825 


7.319044 


7.329028 
7.338788 
7.348333 
7.357673 
7.366817 


7.375772 


7.384546 
7.393146 
7.401579 
7.409852 
7.417970 


7. 425939 


7.433764 
7.441451 
7.449004 
7.456428 


7 463727 


89 Degrees. 


10 
20 
30 
40 
50 


10 
20 
30 
40 


20 50 


—_—__—— 


0 Degree. 


Sine. 


7.463725 


7.470904 
7.477966 
7.484915 
7.491754 
7.498487 
7.505118 


7.511649 
7.518083 
7.524423 
7.530672 
7.536832 
7.542906 


“7.548897 


7.554806 
7.560635 
7.566387 
7.572065 
7.577668 


7.583201 


7.588664 
7.594059 
7.599388 
7.604652 
7.609853 
7.614993 
7.620072 


Diff. 


7179 
7062 
6949 
6839 
6733 
6631 
6531 
61434 
6340 
6249 
6160 
6074 
5990 
5909 
5829 
5752 
5678 
5603 
5534, 
5463 
5395 
5329 
5264 


7.625093} * 
7.630056) |: 


7.634963 
7.639816 


7.644615 
7.649361 
7.654056 
7.658701 
7.663297 
7.667844 
7.672345 
7.676799 
7.681208 


7.685573} ° 


7.6€9894 
7.694173 


7.695410 
7.702606 
7.706762 
7.710879 
7.714957 
7.718997 
7.722999 
7.726965 
7.730896 
7.734791 
7.738651 
7.742477 
7.746270 
7.750031 
7.753758 
7.757454 
7.761119 
7.764754 


3665 


2634| 7-761127| 10 


Tang. 


-470906 
477905 
484917 
491756 
-498490 


S 


50 
AO 
30 
20 
10 


M 


7 .AG3727 50 


.505120 49 


OLIGSL 


-515055 
-524426 
-930675 
-536535 
342929 


09-4508 
-5609635 
-566390 
-97 2063 


-620076 
-625097 
63006 


50 
40 
30 
20 
10 


-0482¢.99) 50 


40 
30 
20 


"7 .614996} 5 


7.726972) 4 


7.739902 
7.734797 


7.764761 


M! s |Co-sine.|Diff.| Co-tan. 
_89 Degrees. 


43 


40 


aaa 


22 


TABLE XXV. 


LOGARITHMIC 


7.802843 
7.806146 


7.809424 


23 


7.812677 
7.815906 
7.819111 
7.822292 
7.825451 


7.828586 


24 


7.831700 
7.83479] 
T .837860 
7.840907 
-343934 


- 846939 


-849924 
.85.2589 
-855833 
.858757 
561662 


-864548 


867415 
-870262 
.873092 
.875903 
.878695 


-881470 


27 


-88422¢ 
. 886968 
-889691 
7.892396 


NNW A WANN QIAN 


7.895085| 2° 
7.897758 


7.990414 


| 7.903054 


7.905678 
T .908287 
7.910879 


7.913457 


7.916019 
7.918566 
7.921098 
7.923616 
7.926119 


7.928608 


7.931082 
7.933543 
7.935990 
7.938422 


7.940842) ~ 


7.900428] 40 
7 903068) 30 
7.905692) 20 
7.908301) 10 
7.910894[ ~ 


7.913471} 50 
7.916034) 40 
7.918581) 30 
7.921113) 20 
7.923631) 10 
7.926134 


- 7.928623} 50 


7.931098) 40 
7.933559] 30 
7.936006) 20 
7.938439) 10 
7.940858 


31 


30 


7.955082 


0 Degree. 


Sine. 
7.940842 


7.943248 


7.945641 
7.948020 
7.950387 
7.952741 


7.975603 
7.977824 
7.980034 
7.982233 


7.984421 


7.986598 
7.988764 
7.990919 
7.993064 
7.995 198 


7.997322 


7.999135 
8.091538 
8.003631 
-005714 
-007787 


.009850 


011903 
013947 
015981 
-018006 
.920021 


- 022027 


- 024023 
. 026013 
027989 
. 029959 
- 931920 


-033871 


035814 
. 037749 
-039675 
.041592 
8.043501 


DODDDM DHMDWDDHDDMDDOW OM 


8.045401 


8.047294 
8.049178 
8.051054 
8.052922 
8.054781 


8.056633 


8.058477 
8.060314 
8.062142 
8.063963 
8.065776 


SINES AND TANGENTS. 


Diff.| Tang. | s | m 


eee | re | ef 


2406 
2393 
2379 
2367 
2354 
2341 
2329 
2316 
2304 
2292 
2280 
2268 
2256 
2244 
2233 
2221 
2210 
2199 
2188 
2177 
2166 
2155 
2145 
2134 
2124 
2113 
2103 
2093 
2083 
2073 
2063 
2053 
2044 
2034 
2025 
2015 
2006 
1997 
1988 
1978 
1970 
1961 
1952 
1943 
1935 
1926 
1917 
1909 
1900 
1893 
1884 
1876 
1868 
1860 
1852 
1844 
1836 
1828 
1821 
1813 


fed 
i=) 
Or 


7.910855 


7.943265} 50 


7.945655] 49 
7.948037] 30 
7.950404| 20 
7.952758] 10 
7.955100 


7.957425] 50 


7.959745) 40 
7.962049] 30 
7.964341) 20 
7.266621} 10 
7.968889 


7.971145] 50° 


J .9733e9| 40 
7.975622] 30 
7.977844] 20 
7.980054] 10 
7.982253 


7.984441) 50 


7.986619} 40 
7.958755) 30 
7.990940) 20 
7.993985) 10 
7.995219 


7.997343} 50 


7.999457| 40 
8.001560] 30 
8.003653) 20 
8.005736) 10 
8.007809 


8.009872] 50 


8.011926) 40 
8.013970) 30 
8.016004) 20 
8.018029} 10 
8.020045 


8.022051] 50 


8.024048) 40 
8.026035] 30 
8.028014) 20 
8.029984} 10 
§.031945 


8.033897) 50 


8.035840) 40 
8.037775| 30 
8.039701) 20 
8.041618} 10 
8.043527 


8.045428) 50 


8.047321| 40 
§ ..049205/ 30 
8.051081} 20 
8.052949) 10 
8.054809 


8.056661] 50 


8.058506) 40 
8.069342) 30 
§.062171| 20 
§.063992) 10 
8.065806 


~ 


op ee 


30 | 
29 
28 || 
26 
25 || 
24 || 
23 |} 
22 
21 


20 


| | 
eS | | | | | 
— | —<—_— 


Co-sine.| Diff.| Co-tan.} s 
89 Degrees. 


Co-sine.| Diff.) Co-tan. 


89 Degrees. 


S|M 


O 


M 


TABLE XXV. 
LOGARITHMIC SINES AND TANGENTS. 


0 Degree. 


Sine. |Diff.) Tang. 
065776 8.065806 
067582 
069380 
071171 
072955 
074731 
-076500 
-078261 
-0380016 
081764 
083504 
-085238 
- 086965 
- 085685 
-090398 
092104 
093804 
-095497 
-097183 


- 098863 
.100537 
. 102204 
.103864 
105519 
.107167 

-108809 
1104-45 
112074 
. 113697 
115315 
.116926 


“TO | 8.118532 
120131 
121725 
123313 
124895 
126171 
“TO | 8.128042 
129607 
.131166 
. 132720 
134268 


Diff.) Tang. 
50 |_ 0 | 8.162681 8.162727 
8.164126 
8.165566 
8.167002 
8.168433 
8.169859 
8.171280 
8.172697 
8.174109 
8.175517 
8.176920 


1806 
1798 
W791 
1784 
1776 
1769 
1761 
1755 


MAMMDMMDDH DODMDDMODHDDOMHA| D 


0 | 8.189348 
8.190707 
8. 192062 
8.193413 
8.1947 


| 8.197494! 50 
8.198829] 40 


8.201485) 20 
8.202808] 10 
8.204126 

8.205440) 50 
8.206750) 40 
8.208057| 30 
8.209359} 20 
8.210658) 10 


8.217034 
8.215309 


- 135810 


8 
8 
to) 
8 
8 
8 
8 
8 
8 
5 
8 
s 
8 
8 
8 
8 
8 
8 
8 
8 
s 
8 
8 
8 
8. 


89 Degrees. 


8.219581 


8.220849 


§.222113 
8.223374 
8.224631 
8.225884 
8.227134 


8.228386 


8.220622 
8.230861 
8.232096 
8.233328 
8.234557 


8.235752 


8.237003 
8.235221 
8.239436 
8.240617 


8.241855 


§.219641 


"8.220909 


8.222174 


TABLE XXV. 
LOGARITHMIC SINES AND TANGENTS, 


1 Degree. 


_—_——_ | ——__—__. 
a 
ee ——— 

— 


308884 
0 | 8.308794 5.308884 
9: 21 0 10 Tw RRC Soe 1033 ) t se 
a aatalica ON er , Sp | Biioeey| 1080 a ave 
Le pei 1201 8.241328 40 a Slied 1028) § 311976 
8.24421 lagert spe 1025 2 
ssi] 185) 250 3 io | Bsbie} 192 Stan 
Beer 191 cerrersl Yo °° | s:sisos4| 1021] 83 isot6 
8.247845) 1399) 9-247 $9) 1 |__| Seow) fi palieineese 
‘ ¢ 8.249101 972 8.316065 
88) 1185] sere SO ba | S:s1ener| ROMS gion 
“oO i BT eet pel ie 20 Bethel 1014) § 318095 
8.251400] y 178 ped aed By 30 | 8.318001) 151) 8.319106 
8.2525781 175 "2538231 20 40 | 8.319012) 49. 8.320115 
8.253753) 4475 ae 10 50 eet 1007) § (391122 
Beata 2109's oxeies|” 158 te ai 1004/5 322127 
sl 1166 "8.257331| 50 10 | 8.32 1002) 8°33 19 
ie as| BIRS G aenaaal 40 ay lw anegeel 22201 geass 
el tise ge ad Lp aoroonl 1007| genaeiar 
8.259582) 1157 "260811| 20 ed gee Pe 8.326121 
8.260739] 1375 cee, 10 50 eo 992) §"307114 
8.261892 TA601 Ss Sac; t= r 3 8.327016 991\|\>>>>>: 
te 8.263115} 1 57 | 13 | 28007] “S.| 8.328105 
—aLancealaae OPPS $26 D63| 50 Se te aocnact ROBS) "gone 
“TO | 8.261190 my 8.% Ee x! 20 8.325995 O86) o 0 
2 1144 8.263408] 40 320980) §.33005 : 
ee till cer sal-ap ao tisnonas| el atest 
Soe S| TI86| co oorcanl on ay xaait ial ool eramen ee 
pratey iol 1886] 3 optoy| 10 ™ | ssazozt| 979] g’3s3035 
8.268719} 1 139) 5-268824 56 |l 14 ehks 977 |S -saanas 
‘¢ > 8.269956 — 2996 Ol $.334002 
8.269881 L129) 10 | 8.333901] 975] 8 334977 
8.271010] 1157 aelohen Br 20 | 8.334876 970 8.335950 
8.272137] 1754 Higiebes 30 Ph apace Pra 8.336921 
8.273260) 4451 aaa 20 40 | 8 836819! 966 8.337890 
1 Se TET Bigreeee o add Spor seed eae hele 
Serre Bt romero ar "31067 340783 
8.277726] 1199] 8-277804) 50 20 | 8.340678] geo) 8.340788 
8.278835] 1105 "2800201 30 30 958] 8.342701 
8.279941] 1194] 8-28002 40 955 57 
31045| 1194) g osi124| 20 0 8.3436 
Sadan) 8101! g oassasl 10 . 293 8.344610 
8.252145! 1998 8.283323 54 || 16 951) “5345502 
8.284339] 1993 Deere vlan 20 947] § 1347459 
8.285431] 1999 89866021 30 30 945) 313184105 
Sear al WUC? a enrganl on 40 943) 8°349348 
Seetenal Wel ccmanrrd| 10 ~ 240) 8.350280] 
cores 1081) 8 “os9g56 53 |}17|__ 939\-5 73512201 50 
adanacedl.h.| FE POSS 8.290935] 50 che 34| 8-852166) 40 
Se te MINT ce areal as 20 935) 81353101] 30 
8.291929) 1973 82930861 30 30 933) 81354035] 20 
8.293002) 1974 8.2941571 20 40 931) §°354966] 10 
eee MMP onconsl 4) 50 928) 8.355895 
295141) joggi 8+2952 927 
8.20: 1066) 3 "596292 52 }18|__ 8.356823 
“10 | 8.297270) 90 8.298416| 40 20 923) 8.358671 
Bee CREEL conn ee ilian 30 921) 81359593 
8.299388] 1955 8.300530] 20 40 919) 8"360519 
Ree ROG ccansenal 3p 50 917| 8°361430 
B 302546) 1950 g:an20331 151 19 ie 915) 37362345 
8.302546 1048 "3.303659! 50 10 913 8.363259 
“TO | 8.303594 1045 8.301727 40 - 911) 3 364171 
sortie 1042) 9"395770| 30 > ae 8.365080 
pemeeed tith asaccas 1) 90 50 | 8.365871) 997) 8.365988 
8.307759 1935} 8-307849 10]. Ilo, 8.360777] “| 8.366804 
: ‘ 035 > ae ES a 
6.308794) | Sseesssy M | 8 |Co-sine.|Diff.| Co-tan.| s | m 
can low || Gecaine (Daft Go-tail | .s |M ee PINE TY el 
mM | 8s |Co-sine. 88 Degrees. 


| coma 
a EL ae, 


108 TABLE XXV. 
LOGARITHMIC SINES AND TANGENTS. 


Tang. | s 
8.418068 

8.418872) 50 
8.419674] 40 
8.420475] 30 
8.421274) 20 


8.422073] 10 
8.422869 


——— | —— eee | ee 


8.367799] 50 
8.368701| 40 
8.369601| 30 
8.370500] 20 
8.371397] 10 
8.372201] 


8.373184] 50 
8.374076) 40 
8.374965} 30 
8.375853} 20 
8.376738] 10 
8.377622 


8.378504] 50 
8.379385] 40 
8.380263} 30 
8.381140} 20 
8.382015] 10 
8.382889 


8.353760! 50 
8.384630! 40 
8.385498] 30 
8.386364) 20 
8.387229| 10 
8.388092} 
8.388953) 50 
859 | 3898121 40 


857 | 8.39 30 
as 0670 30 


23 


30 


—j—— | | 
——— | ——— 
ee —— 

——- J ———_—_ ? —____ 


mM | s |Co-sine.|Diff.| Co-tan. Co-sine.| Diff 
88 Degrees. 88 Degrees. 


TABLE XXV. 
LOGARITHMIC SINES AND TANGENTS. 


1 Degree. 


Sine. |Diff.| Tang. 


8.461388 bd 
8.465110 

8.465830| 721 
8.466550| 729 
8.467268] 718 


s-| T17 
8.467985 
ia on atin HON 


715 
714 
713 
712 
710 
709 
708 


107 30 | 8.514801 

706 8.515444 

704 |g. 8.516086 

703 8.516726 

702 8.517366 

701 8.518005 

700 8.518643 

699 8.519280 

8.479997 mi 8.519916 
8.480693] © ; 8.520551 
Spc 8.521186 

694 8.521819 

ies 8.522451 

692 8.523083 

691 8.523713 

690 8.524343 


8.524972 
8.525600 
8.526226 
8.526852 
8.527477| 0“? | 8.527724 10 
8.528102 
8.528725 8.528973] 50 
8.529347] °<% | 8.529596] 40 
8.529969 8.530218] 30 
8.530589 8.530840! 20 
.531209 8.531460] 10 
.53 1828 8.532080 
.532446 8.532698] 50 
.533063 8.533316] 40 
.533679| 22° | 8.533933] 30 
534295 8.534549] 20 
534909] ?)? | 8.535164] 10 
535523] 224 | 8.535779 
536136] 2.> | 8.536392) 50 
536747 8.537005] 40 
.537359| °F" | 8.537616] 30 
.537969 8.538227] 20 
.538578 8.538837] 10 
.539186 8.539417, 
539794 8.540055| 50- 
540401] 2P4 | 8.540662! 40 
541007 8.541269] 30 
541612} 9 | 8.541875] 29 
542216] °° | §.542480] 10 
542819 8.543084 


Co-sine.|Diff.| Co-tan.| 
88 Degrees. » 88 Degrees. 


-492363 
-493040 
-493716 
-491390 
-495064 


(502405 
.503067 ok 
.503727| 660 
.504386| 9? 
(505945; 999 


fo oe oe ole oe oe 2) Ne oe ole ole oe re 0} Bo ole oe ole ole ole o} He ole o} 


110 TABLE XXV. 


LOGARITHMIC SINES, TANGENTS, AND SECANTS. 
O Degree. 
Tang. | Diff.|Co-tan.|Secant.|Co-sec. | M 


M! Sine. | Diff. |Co-sine. D. 


 Rieasies |. pas 90 CeaenanY shasta TE 


~9/0.000000 0.000000 Infinite. |10.000000] Infinite. |60 

1/6.463726), y 1247 6.463726]. 1717|13 .536274|10.000000}13 .536274)59 

2/6 .764756|099 495 6.764756 |) 99 435 |13 -235244/10 .000000/13 . 23524458 

3|6.940847/5 52531 6.940847), 5353/13 .059153|10.000000/13 .059153)/57 

4|7 065786) 61247 7.065786); 61 517|12-934214|10.000000)12 .934214|56 

5/7 .162696| 19 1 G68 7.162696) 3 1 gg9|12-837304|10.000000}i2.837304)55 

6|7 .241877|1 33 575 7 .241878|)} 1 57,|12.758122|10.000001/12.758123)54 

7|7 308824] ogens 7 .308825| g¢g5|12-691175|10.000001|12.691176)|53 

8|7.366816) 375-4 7.366817| 9797 4|12.633183|10.000001]12.633184|52 

9|7.417968| 765n0 7.417970) 765¢|12-582080|10 .000001)12.582032|51 
10/7 463726) (og. 7.463727| oogq|12-536273|10 .000002/12.536274)50 
“T17.505118] G58} 7.505120) Gog {12-494880|10 .000002]12.494882|49 
12|7 542906] - 7036 7.542909] 7 497/12.457091|10.000003/12.457094|48 
13|7 .577668) ro0 44 7.577672) 24 649|12-422328)10.000003|12.422332/47 
14|7 .609853| J oo95 7 .609857| 4593|12-390143]10.000004|12.390147|46 
15|7.639816| je71 4) 9-95 01 (7 -039820| 46745|12-360180}10.000004/12.360184)45 
16|7 .667845| 43553} 9-999995| p49 |7-667849| 49.5/12-332151)10.000005/12.332155/44 
17/7 694173) 43579] 9-999995| 9, |7-694179) 41479/12.305821|10.000005|12. 305827143 
18|7 .718997 9.999994] 9, |7.719003| 55144|12-280997|10.000006]12.281003)42 
19|7 .742178 9.999993] 9, |7-742484) 577 50/12. 257516}10.000007|12.25752241 
| 20|7.764754 9.999993] 9, |7-764761| 3.7 ,|12-235239)10 .000007/12.235246/40 
| “a1|7.785943 9.999992] 9, |7-785951| go¢74|12.214049)10. 000008]12.214057/39 
22/7 .806146 9.999991| 5, [7.806155] 55)74|12-193845|10.000009]12 .193854/38 
93/7 .825451 9.999990] 9, |7-825460| 3 )557/12- 174540110 .000010/12.174549)37 
2.4/7 843934 9.999989] 9, |7-843944| Do. 49|12-156056|10 .000011/12.156066)36 
25|7 861662] 5.3.4] 9.999989] 99 |7-861674] 52599|12-138326]10 .000011|12. 138338)35 
967 .878695 9.999988] 5, |7-878708| 573) g|12-121292|10 .000012)12.121305|34 
27\7 .895085| ‘ 9.999987] 9, |7.895099| 5635;|12-104901/10.000013]12.104915|33 
98/7 .910879| =~ 9.999986 9, [7-910894| 5-51|12.089106}10.000014}12.089121/32 
29/7 .926119 9.999985] 9, |7-926134| 545 49|12-073866]10 .000015|12.073881/31 
3017 .940842 9.999983) 9, 7.940858) 5.73 -|12.059142/10 .000017/12.059158|30 
“B1/7 .955082 9.999982) 9) |7-955100| 5 59g5|12-044900|10.000018]12.044918 29° 
327 .968870 9.999981] 9, |7-968889| 55575|12.031111|10.000019]12.031130)28 
33/7 .982233| < 9.999980] 9, [7.982253] 516) 9|12-017747|10.000020|12.017767|27 
34/7 .995198| - ; 9.999979] 9, |7.995219] So943|12.004781|10.000021] 12. 004802/26 
35/8.007787 9.999977] 9; [8.007809] Soa goi11 -992191|10 .000023]11 .992213]25 
36/8. 020021 9.999976] 5, |8.020045| Jo253/11.979955|10.000024]11 .979979)|24 
37|8.031919 9.999975] 5, |8-031945] 19395|11-968055|10 00002511 .968081)23 
38'8.0413501 9.999973] 5, [8.043527 18s03|tt-956473|10 00002711 .956499|22 
39|8.05 1781 9.999972) 95 18.054809| 1 257/11.945191|10 .000028}11 .945219)21 
40'8.065776 9.999971] 5, [8.065806] ,-- -|11.934194]10 .000029)11 .934224)20 
41|8.076500 9.999969) 9, [8.076531] 57 44 4\11-923469|10.000031/11 .923500 19 
42|8 .086965| 1753 1| 9-999968| 94 [8.086997] 5754 4|11.913003/10.000032|11.913035|18 
43|8.097183) Ga5o| 9-999966| 93 [8.097217] 1649/11 -902783|10.000034|11 .902817|17 
44|8.107167| 5 ¢545| 9.999964) 57 |8.107202) | 55. |11.892798|10.000036/11 .892833)16 
45|8. 116926) 5 053) 9-999963| 54 [8.116963] 52977 /11-883037|10. 00003711 .883074|15 
46'8.126471| 475-2] 9.999961) 93 [8.126510] 12. ../11.873490/10.000939/11 .873529|14 
47|8.135810) 5753.) 9.999959] 97 [8.185851] 770 17|11-864149|10.000041]11 .864190/13 
48)8 144953] 11954| 9.999958) 9, |8.144996) | 1497|11 .855004|10.000042/11 .855047)12 
49|8.153907] 777.55| 9-999956] 93 |8- 153952) | 445; |11.846048|10.000044/11 .846093)11 
50/8.162681| | 1559| 9-999954] 9 |8.162727] 1.3 ¢/11 .8387273/10.000046/11 837319|10 
51/8. 171280 11054] 2°999952| pq (8.171328 iaderets . 82867 2/10 .000048|/11.828720| 9 
52'8.179713 Pa far 9.999950) 93 |8.179763 isqogtt ie .820237|10.000050/11.820287] 8 
53)8.187985] 13-5] 9-999918) 55 8.188036) 13-55/11.811964|10 .000052/11.812015| 7 
5.4|8,196102} 15555) 9.999946) 92 /8.196156 13984|! -803844/10.000054)11 803898 6 
55)8.204070] 135 4)| 9-999044] 93 [8.204126) 13° 1'111.79587 4/10 .000056]11..795930) 5 
56 8.211895] 7549] 9-999042) 93 8.211953) 1521 111.788047|10.000058]11.788105| 4 
57|8.219581 12587! 27999940). 3 | 8.219641) 5524) /11.780359/10,000060|11.780419| 3 
58\.227134) 15375 9.999038) as 8.227195 ey ell: .772805|10.000062|11.772866| 2 
508.234557] 15164] 9.999936 8.234621) 15) og 11.765379/10.0%0064|11.765443] 1 
60/8 241855 *) 9.999934 8.241922 11.758078|10.000066|11.758145| 0 
myca F & De hid - 7 ween aren FA Ser erenreeead mT Ome et SS ee 
M \Co-sine Sine. ‘Co-tan.! | ‘Tang. |Co-sec. |Secant.| M 


89° Degrees. 


Sine. 


8.249033 
11768 
$.256094 
11580 
8.263042 
11397 
8.269881 
11221 
8.276614 
11050 
8.283243), 9993 
8.289773 


iff. Co-sine,| D. 


9.999851 


9.999848 


9.999844 
9.999841 
9.999838 
9.999834 
9.999831 
9.999827 
9.999824 
9.999820 
9.999816 


9.999813 


9.999809 
9.999805 
9.999801 
9.999797 
9.999794 
9.999790 
9.999786 
9.999782 
9.999778 


9.999774 


9.999769 
9.999765 
9.999761 
9.999757 
9.999753 
9.999748 
9.999744 
9.999740 


TABLE XXV. 
LOGARITHMIC SINES, TANGENTS, AND SECANTS. 


1 Degree. 


8.241921 


8.315046 
8.321122 
8.327114 
8.333025 
8.338856 
8.344610 
8.350289 
8.355895 
8.361430 
8.366895 


8.372292 
8.377622 
8.382889 
8.388092 
8.393234 
8.398315 
8.403338 
8.408304 
8.413213 
8.418068 


8.422869 
8.427618 
8.432315 
8.436962 
8.441560 
8.446110 
8.450613 
8.455070 
, (8.459481 
8.463849 
8.468172 
8.472454 
8.476693 
8.480892 
8.485050 
8.489170 
8.493250 
8.497293 
8.501298 
8.505267 


8.509200 
8.513098 
8.516961 
8.520790 
8.524586 
8.528349 
8.532080 
8.535779 
8.539447 
18.543084 


9987 
9851 


9590 
9465 
9343 
9224 
9108 


7206 
7135 
7066 
6998 
6931 
6865 
6801 
6738 
6676 
6615 
6555 
6496 
6439 
6382 
6326 


6113 


88 Degrees. 


Tang. | Diff. 


10126 


9719 


6062 


Co-tan. |Secant.|Co-sec. | M 


11.758079)10.000066)11.758145 
11.750898/10.000068)11.750967 
11.743835/10.000071/11 .743906 
11.736885|10.000073)11.736958 
11.730044)10.000075)11.730119 
11.723309)10.000078)11.723386 
11.716677)|10.000080/11 ..716757 
11.710144/10.000082)11.710227 
11.703708)10.000085/11.703793 
11.697366|10.000087|11.697454 
11.691116)10.000090)11.691206 


11.684954|10.000093|11.685046| 49 


11.678878)10.000095|11 .678973 
11.672886)10.000098}11 .672984 
11.666975/10 .000101/11.867076 
11.661144/10.000103)11.661247 
11.655390)/10 .000106)11.655496 
11.649711/10.000109)11 .649819 
11.644105|10.000112/11 .644217 
11.638570/10.000115/11.638685 
11.633105/10.000118/11 .633223 


11.627708|10.000121|11 .627829 


11 .622378)10.000124/11.622501 
11.617111)10.000127/11 .617238 
11.611908/10.000130|11.612038 
11.606766)10 .000133)11.606899 
11 .601685410 .000136)11.601821 
11.596662)10.000139)11 .596801 
11 .591696)10.000142/11.591839 
11.586787/10 .000146/11 .586932 
11.581932)10.000149/11.582081 


11.577131)10.000152)11 .577283 


11.572382/10.000156/11.572538 
11.567685/10.000159/11 .567844 
11.563038)10 .000162)/11 .563200 
11 .558440)10.000166/11 .558606 
11.553890|10.000169/11 .554059 
11.549387|10.000173/11.549560 
11.544930)10.000176)11.545107 
11.540519)10.000180/11.540699 
11.536151/10.000184/11 .536335 


11.531828/10.000187/11 .532015 
11.527546)10.000191)11 .527737 
11 .523307|10.000195)11 .523502 
11.519108)10.000199/11 .519307 
11.514950)10.000203)11.515152 
11.510830)10 .000206)11 .511037 
11.506750)10 .000210/11.506960 
11.502707(|10.000214/11 .502922 
11.498702)10.000218)11.498920 
11 .494733)/10.000222/11 .494955 
11.490800)10 
11.486902)10.000231)11.487133 
11.483039)10. 485274 
11.479210)10. 479419 
11.475414/10.000243|11 .475657 
11.471651|10 .000247/11.471898 
11 .467920/10 .000252/11.468172 
11 .464221|10.000256)11 .464477 
11.460553|10.000260/11.460814 

000265|11.457181 


.000226|11.491026| 9 


| 112 TABLE XXV. 
LOGARITHMIC SINES, TANGENTS, AND SECANTS. 
| 


2 Degrees. 
M | Sine, |Diff.|Co-sine.| D.| Tang. |Dilf.| Co-tan.|Secant.|Co-sec.| M 


—— 


8.543084 6012|1!- 456916|10.000265)11.457181) 60 
5962|L1-453309/10 .000269/11 453578 59 


8.550268 591 4|Lb-449732)10 .000274)11 450005 58 


a OO | SO ||/§ OO Ss Ss eee_—_— SS 


542819 
546422 fee 
Bs BY) 
-549995 
ms 5906 
-553539] Ko 
9858 
657054 5811 


-560540) 5765 5773/,7° 
563999 po19 8.564291) 2757/11 .435709)10.000292/11.436001) 54 
.567431| ser, 8.567727| 5 a.5|11 .432273/10.000296)11 432569] 53 
8.571137] seaq/t1 .428863/10.000301|11 429164) 52 
574214) ence 8.574520, peyq|l} .425480/10,000306|11 .425786| 51 
10 8.577566) 8.577877| > -9/L1.422123]10.000311/11.422434) 50 
11 |8.580892| << 50 8.581208] 527 9{11-418792/10. 000315/11. 419108) 49 
12 |8.584193| 2165 8.584514) 249/11 .415486)10. 000320/11.415807| 48 


11.412205]10.000325/11.412531| 47 


8.5 
8. 

8 

8 

8 

8 

8 

8 

8.570886} 5639 
8 

8 

8 

8.587469 

8 

8 

8 


14 |8.590721 pitas 8.591051 2427/11 .408949|10. 000330111 .409279 46 
15 |8.593948| 2340 8.594283| 25 44(11.405717|10.000335|11 .406052 
16 |8.597152| 295? 8.597492| ?55|11.402508]10 .000340)11 .402848 
17 [8.600332] >3)0 8.600677] P5ro{L1.399323|10.000345|11 .399668 
18 [8.603489] ?504 8.603839] °54.|11.396161|10.000350|11.396511 


19 |8.606623 5186 8.606978 5194 .393022/10.000355/11.393377 


8.609734 .889906]10 .000360)11.390266 


——|—___—____| 5149 
8.612823 5112 


20 
21 |8.6 

22 |8.615891 

23 |8.618937 eas 
24 |8.621962] 2 oo¢ 
25 |8.624965| Jozol $ 
26 |8.627948) 4035 
27 |8.630911| 4oo4 
28 |8.633854) 457) 
29 |8.636776| 4o99 


30 |8.639680| 455. 8.640093] 400 
“BI |8.642503| 4o75 8.642982) 70, 
32 |8.645428) 4749 8.645853) gona 
33 |8.648274| 4745 8.648704) 475) 
34 |8.651102| 4oc5 8.651537] goo) 
35 8.653911] geno 8.654352) sees 
36 |8.656702| 4605 8.657149] 4o9) 
37 |8.659475| 4ro5 8.659928] jen. 
38 |8.662230| jon 8.662689] 4-09 
39 |8.664968) 429° 8.665433] yr 45 
40 abit aa Troe 8.668160] 4°74 
41 [3.670393) 479 8.670870| 413 
42 [8.673080] 4455 8.673563| 4161 
43 8.675751 8.676239 


44 |8.678405| 4424 


i¢ 
45 |8.681043 a 681544 PCIE 
te fai soba 
48 |S. 688863) 4218 8.689381| 4228 
49 Serer 8.691963 ee 
ORC 

sing ol Sd 1 Eu 
es 8_609073| 4217 "699617| 4228 
33 \8.701589 et 8.702139 4309) 
2 Rion St saat 
56 |8.709049| 4421 8.709618] 4132 
57 (8.711507; 4097 8.712083| 4108 
58 (8.713952 meals ; 8.714534 set 
59 '8.716383 yh 8.716972| 4549 
60 |$.718800 8.719396] 494° 

M |Co-sine ; Sine. Co-tan. 


87 Bee 


27 
28 


37 
38 
39 


55 


31 
32 
33 
| 34 
35 |8.795851 
36 |8.797894 


| 


40 

41 

42 |8.809777 
43 

44 |8.813667 
45 |8.815599 
48 

49 

50 

51 

52 

53 


TABLE XXV. 


LOGARITHMIC SINES, TANGENTS, AND SECANTS. 
3 Degrees. 


- 744536 
8.746802) 


8.753528 
8.755747 
8.757955 
8.760151 
8.762337 
8.764511 


8.766675 


8.768828 
8.770970 
8.773101 
8.775223 
8.777333 
8.779134 
8.781524 


29 |8.783605 
30 |8.785675 


8.787736 
8.789787 
8.791828 
8.793859 


8.799897 
8.801892 
8.803576 
8.805852) 


8.807819 


8.811726 


46 (8.817522 
47 |8.819436 


8.821343 
8.823240 
8.825130 
8.827011 
8.828884 
8.830749 


54 |8.832607 


8.834456 


56 |8.836297 
57 |8.838130 
58 |8.839056 
59 |8.841774 
60 |8.843585 


mM |Co-sine Sine. 


4006 
3984 
3962 
3941 
3919 
3898 
3877 
3857 
3536 
3816 
3796 
3776 
3756 
3737 
3717 
3698 
3679 
3661 
3642 
3624 
3606. 
3588 
3570 
3553 
3535 
3518 
3501 
3484 
3467 
3451 
3434 
3418 
3402 
3386 
3370 
3354 
3339 
3323 
3308 
3293 
3278 
3263 
3249 
3234 
3219 
3205 
3191 
3177 
3163 
3149 
3135 
3122 
3108 
3095 
3082 
3069 
3056 
3043 
3030 
3017 


999404 
999398 
999391 
999384 
999378 
999371 
999364 
999357 
999350 
999343 
999336 
9.999329 
9.999322 
9.999315 
9.999308 
9.999301 
9.999294 
9.999287 
9.999279 
9.999272 
9.999265 


a, 
9. 
9. 
9. 
9. 
9. 
9. 
9. 
9, 
2. 
9. 


9.999257 


9.995250 
9.999242 
9.999235 
9.999227 
9.999220 
9.999212 
9.999205 
9.999197 
9.999189 


9.999181 


9.999174 
9.999166 
9.999158 
9,999150 
9.999142 
9.999134 
9.999126 
9.999118 
9.999110 


9.999102 


9.999094 
9.999086 
9.999077 
9.999069 
9.999061 
9.999053 


9.999044) 


9.999036 
9.999027 


9.999019 


9.999010 
9.999002 
9.998993) 
9.998984 
9.998976 
9.998967 
9.998958 
9.998950 
9,998941 


- 719396 
-721806 
- 724204 
- 726588 


MNMOAMDMDDOAMDMDM® 


8.749740 
8.751989 
8.754227 
8.756453 
8.758668 
8.760872 
8.763065 
8.765246 


8.767417 
8.769578 
8.771727 
8.773866 
8.775995 
8.778114 
8.780222 
8.782320 
8.784408 
8.786486 


8.788554 
8.790613 
&.792662 
8.794701 
8.796731 
8.798752 
8.800763 
8.802765 
8.801758 
8.806742 


8.808717 
8.810683 
8.812641 
8.814589 
8.816529 
8.818461 
8.820384 
8.822298 
8.824205 
8.826103 
8.827902 
8.829874 
8.831748 
8.633613 
8.835471 
8.837321| 
8.839163 
8.840998 
8.842825 
8.844614 


o-tan. 


4017) 
3995 


M | Sine. |Diff.\Co-sine.| D.| Tang. |Diff. Co-tan. | Secant.|Co-sec. 


sad 


11.280604/10.000596}11. 
11.278194)10.000602)11. 
11.275796|10 .000609/11. 


g-ol/11.278412/10.000616)11. 


“ 


3974 
3952 
3931 
3909 
3889 
3868 
3848 
3827 


807 |-— 


3787 
3768 
3749 


3655 
3636 
3618 


3600) 


3514 
3497 
3480 
3464 
3447 
3431 
3415 
3899 
3383| 
336 
3352 


3322 
3306 


3292 
3277) 


3150: 


3045 
3032 


86 Degrees. 


“111.175795/10.000964|11 


~11.166387|10.001007/11 


11.271041|10.000622)11. 
11. 268683|10.000629)11. 
11 .266337|10.000636/11. 
11.264004)10.000643}11. 
11.262683)10.000650}11. 


11.259374/10.000657}11.260031| 51 


11.257078/10.000664/11. 


11.254793/10.000671 


11.250260)10.000685}11. 
11.248011/10.000692)11. 
11.245773/10.000699111. 
L1.243547|10.000706)11. 
11.241332/10.000713}11. 
11.239128)10.000721/11. 
11.236935/10.000728}11. 
11.234754/10.000735)|11. 
11.232583 
11.230422110.000750)11. 
11.228273)10.000758/11. 
11.226134/10.000765]11. 
11.224005|10.000773)11. 
11.221886)10.000780/11. 
11.219778|10.000788}11. 
11.217680/10.000795/11. 
11.215592/10.000803/11. 
11.213514)10.000811/11. 


278796) 59 


276405 


274028) 57 
271663] 56 
269312, 55 
266973] 54 
264646) 53 


262333 


257741 


250915 
248703 


246472 


244253 
242045 


11.255464| 49 
11.252521110.000678]11.253198 


239849 


237663 
235489 


10.000743/11. 233325 


231172 
229030 
226899 
224777 
22266F 
220566 
218476 
216395 
214325 


11.211446)10.000819/11. 
11.209387/10.000826/11. 
11.207338/10.000834/11. 
1] .205299/10.000842/11. 


11.201248)10.000858/11. 
11.199237|10.000866)11. 
11.197235)i10.000874/11. 
11.195242)10.000882/11. 
11.193255/10.000890/11. 


11.191283 
11.189317 


10.000898)11 
10.000906)11 
11.187359/10.000914)11 
11, 185411)10.000923)11 
11.183471:10.000931)11 
11.181538/10 .000939)11 
11.179616)10 .000947|11 
11.177702)10 .000956/11 


11.173897|10.000973)11 


212264 
210213 
208172 
206141 


g|11.203269)10.000850/11 .204119 


202106 
200103 
198108 
196124 
194148 


. 192181 
- 190223 
-188274 
- 186333 
- 184401 
- 182478 
- 180564 
- 178657 
- 176760 
174879 


11.172008|10.000981/11. 172989 


11.170126)10.000990/11 
11.168252)10.000998)11 


11.164529)10.001016/11 
11.162679)10.001024)11 
11.160837/10.001033)11 
11.159002)10.001042)11 
11.157175|10.001050)11 
11.155356/10.001059)11 


-171116 
- 169251 
- 167393 
- 165544 
- 163703 
- 161870 
. 160044 
- 158226 
-156415 


Tang. |Co-sec. |Secant. 


P 


60 


58 


52 
50 


48 
47 
46 
45 
44 
43 
42 
4] 
40 
39 


SS SSE ST LE SS SS EES TOTES 
boro a reenact ate 


114 TABLE XXV. 
LOGARITHMIC SINES, TANGENTS, AND SECANTS. g 
ake apn 2 oe emeguac er aapaae A Bot ELS Pe foe ee eine : 
M | Sine. |Diff.|Co-sine.| D.| Tang. |Diff.| Co-tan. “mM | Sine. |Diff.\Co-sine.| D.| Lane. |Diff) Co-tan.| Secant.|Co-sec. M 
~ © |8.843585| .....| 9.998041 5.844644] 95 olll-159856|10. 00105911. 156415) 60 
1 |8.845387| 2995) 9 998032 }° |s.s46455 app, Lt -1535-45|10.001068|11.154613] 59 
2 |8.847183| 7°97 9. 998923 » 8.848260] 3004 /11.151740|10.001077)11.152817| 58 
3 |8.848971| 7°59 9.998914 19 |8.850057] Soo|t1.149943/10.001086)11 .151029| 57 
4 18.850751 ae 9.998905] j2 [8.851846] Joo |11.148154/10.001095|11. 149249] 56 
95 ; 1 55 
saat a inet] |S Besa gy tara ua Mar) 
aad AS ig, 2946117 142829]10.001122|11.143951| 53 
7 |8.856049| 3931] 9.998878] 1? [8.857171] Soa- o|10.001122)11 145051) 38 
Deck 2908 9 .ena 1s Sata 2923 ie ads nei 001140111.140454] 51 
10 10 |e. chia 2896) g gogg51} 1® |g.s62433} 2914]41.137567/10.001149]!11.1387171 50 
Ae) SRG A [ae | SAT doe OOO feted oa 
“TT 8.863014] jo74| 9-998841| 5 [8.804173] O05 |Tt. 13582710. 001 199fTT. 1369086 49 
12 [8.864738] 3045] 9.998832] 12 |8.86a900] 52°°)11.134094]10.001168)11. 135262) 48 
€ > 4 Oi = Lo ae 
13 |8.866455| Soo] 9.998823] 1? [8.867632] 5O°7 li 132 2366|10. oo1r7a ft 1.183545) a7 
14 [8.865165] 9559] 9-998813] 17 [8.860351] J OV/LI. 130645110. 001187 ]11. 131835) 46 
15 |8.869868| 5°50| 9.998804] 1? [8.871064] 593/11. 128936)10. oortgelt1 130132! 45 
5 she 2 ) OITZOSII1. 128435] 44 
16 |8.871565| 9652] 9-998795] 1) 8.872770 agai -L27230]10 001200] 1. 125435 
17 [8.873255] Soja| 9-998785| 1! [8.874469] SoS. 125531]10. 001215 ]11. 1267 15] 43 
18 [8.871938| 5-90| 9.998776] 1? [8.876162] 5074/11 .123e38|10.001224]11. 125062] 42 
il11.123385| 41 
19 8.876615] 5704] 9.998760] 17 [8.877845] 521) |11.122151/10. 00123 4111. 123389 a 
20 |8.878285] 27>] 9.998757] 1? [8.579520] SOON). 120471]10. 001 243/11. 121715 
21 8.879949) 5-43] 9-908747| ,. [8.881202] 57 o|i1.118795|10.00125a|11.120051| 89 
22 (8.881607| 54] 9.998738] Te [s.s8zs6o] 5178111 .117131/L0.001262)11. 118393] 38 
23 [8.883258] 5745] 9.998728] I> 18.884530] 5/111 .115.470|10.00127z|11 1167.12) 37 
foo = » 2 ( € 
24 |8.884903/ 5727] 9.9u8718| 17 [8.886185] 509-111 .113815]10. -001262]11.115097] 36 
25 |8.886542 9.998708 $. 887933 11.112167/10.001202}11.L13458] 35 
26 |8.888174 nee 9.998699 . 8.889476 etl) 110524/L0.001301|11. 111826] 34 
27 /8.889801| 574] 9.vosesy| 17 [8.so1112| 5777 l11. 1ossst/10.001311/11.110199] 33 
28 /8.891421| 5499| 9-998679] te [8.892742] 3104l11.107254/10.001323]11.168579] 32 
4 1€ AH 
29 [8.893935] Sogo] 9-995608) 17 [8.894360] 9607/11 .10563.4]10.001331/11. 106965] 31 
30 [8.894643] 5-0 )|_9.998659| 17 [8.805954] 2°°7]11.10401G]10.0013.41]11.105357| 30 
31 [8.896246| 5 5..9| 9-998649| |, [8.897596] 5. |11.102404] 10. 001351]11. 103754] 29 
32 /8.897842| 52°)| 9.998639] 17 [8.899203] 5°77/11.100797|10.001361|11.102158| 28 
€ C 6 
33 |8.899432| 554)| 9.998620] 17 [8.900803] D52c|11.099197|10.001371)11. 100568] 27 
34 |8.901017| 5es,| 9.998619] 17 [8.902393] 5°7°l11 .097602|10.001351]11 098983] 26 
35 [8.902596] 5555] 9.998609] 17 [8.903987] 5535/11 .096013|10.001391]11.097404| 25 
36 [8.901169] 5645] 9.998599] 17 [8.905570] 5255 |11.094430/10.001401/11 .095831| 24 
37 |8.905736| Se54| 9-998589| 1g [8.907147] 555 /11-092853|10.001411]11.094264| 23 
38 |8.907297| 5252| 9.998078] 12 [8.908719] 5°79 ]11.091281)10.001429/11 092703] 22 
39 |8.908853| 5°5| 9-998568| 17 [8.910285] 5°59/11.089715|10.001432|11.091147| 21 
40 |8.910404] 5°- | 9.998558) 17 [8.911846] 5°) |11.088154]19.001442!11 089596) 20 
41 [8.911949] 5-54] 9-998548| ,, [5.913401] 5. .a|11.086590|10.001452/11 088051) 19 
42 |8.913488] 577] 9.998537| 17 [8.914951] 5204111.085049/10.001463|11 086512) 18 
¢ 
Aa-[s ei es50l: 2827 | oeei0 2° 1a greosd| 72505111 eat echt 001 eat eee 
45 |8.918073| 222°! 9.998506] 17 |3.919568| 292911. 080432110 .001494111.081927] 15 
46 |8.919591| 222"! 9.998495] 28 Eeastaon 2547|11 | 078904|10.001503|/11.080409| 14 
47 |8.921103| 2°79! 9.998485] 17 |3.922619| 238111 .077381/10.001515/11,078597| 13 
2512 is [°° 2530 
48 |8.922610| 5759| 9.993474] 5~ [3.924136] 5950111.075864|10.001526/11.077390) 12 
49 |8. 924112] 94941 9.998464] 16 [3.925619] 575/11 .074351]10.001536]11.075888| LT 
3 12/71 072844]10.001547}11.074391| 10 
8 to) 39 Soi) Fei] Sari. i. 
51 |8.927100| 5477] 9.998442| , 5 [>t “925658 ots st 
52 |8.928587| S449] 9.998431) Jo [3.930155] 310 7|L1.060845/10.001569|11.071413| 8 
54 (s.ostsaa| 240° rt 24781 noose i -001s00l | Sona 
55 |8.933015| <2 8.934616 11.065384]10.001601|11.066985| 5 
56 (8.934481 aie 3.936093 3 15g |11-063907 10.001612]11.065519| 4 
67 |8.935942| 315° 8.937565] 51 15/11.062435|10.001623|11.064058| 3 
58 [8.937398] 5479 8.939032| 51 >(11.060968|10.001634|11.062602| 2 
59 |8.938850| S11) 8.940494] 315g /11.059506]10.001645/11.061150| 1 
60 |8.940296 8.941952 11.058048/10.001656111.059704| 0 
m |Co-sine| Co-tan. Tang. |Co-sec. |Secant. | M 


85 Degrees. 


oe 


TABLE XXV. 
LOGARITHMIC SINES, TANGENTS, AND SECANTS. 


5 Degrees. 


Sine, | Diff./Co-sine.| D. 
9.998344 
9.998333) 


8.940296 
8.941738 
8.943174 
8.944606 
8.946034 
8.947456) 
. 948874 
-950287| 


-951696 
. 953100 
-954499 
Il |8.955894 
12 (8.957284 
.958670 
960052 
-961429 
3.962801 
.964170 
-965534 
3. 966893 

- 968249 


8 
8 
8 
8 
8 


977619 
975941 
.980259 


8.985491 
3.956789 


8.991943 
39 (8.993222 
40 |8.994497 
Al |8.995768 
42 |8. 
43 
44 |8.999560 
45 
46 
47 |9. 
48 9.004563 
49 |9.005805 
50 

51 

52 

53 

54 9. 
55 9.013182 
56 |9.014400 
57 |9.015613 
58 (9.016824 
59 (9.918031 
60 |9.019235 


M \Co-sine 


2403 
2394 
2387 
2379 
2371 
2363 
2355 
2348 
2340 
2332 
2325 
vir yi 
2310 
2302 
2295 
2288 
2280 
2273 
2266 
2259 
2252 
2245 
2235 
2231 
2224 
2217 
2210 
2203 
2197 
2190 


—~|. 2183 


2177 
2170 


| 9163 


2157 
2150 
2144 
2138 
2131 
2125 


9.998322 
9.995311 
9.998300 
9.998285 
9.995277 
9.998266 
9.998255 
9.998243 
9.998232 


9.998220 


9.998206 
9.998197 


9.995186) . 


9.998174 
9.998163 
9.998151 
9.998139 
9.998128 
9.998116 


9.998104 


9.998092 
9.998080 
9.998068 
9.998056 
9.998044 
9.998032 
9.998020 
9.998008 
9.997996 


9.997984 


9,997972 
9.997959 
9.997947; 
9.997935 


2119|——. 


2112 
2106 
2100 
2094 
2085 
2082 
2076 
2070 
2064 


=| 2058 


2052 
2046 
2040 
2034 
2029 
2023 
2017 
2012 
2006 


. 997693 


9.997614 


SCoODmDaenmnaernwmmem@ 


‘Tang. (Diff. 


911952 
943104 
94.4852 
- 946295 
9ATT3A 
. 949168 
~950597 
-952021 
953441 
- 954856 
- 956267 

957674 
959075 
960473 
-961866 
963255 
- 964639 
- 966019 
-967394 
. 968766 
.979133 

-971496 
972855 
-974209 
-975560 
- 976906 
- 978245 
- 979586 
.980921 
.982251 
.983577 
8.984899 
8.986217 
8.987532 
8.958842 
8.990149 
8.991451 
8.992750 
8.994045 
8.995337 
8.996624 


8.997908 
8.999188 
9.000165 
9.001738 
9.003007 
9.004272 
9.005534 
9.006792 
9.008047 
9.009295 


9.010546 
9.011790 
9.013031 
9.014268 
9.015502 
9.016732 
9.017959 
9.019183 
9.020403 
9.021620 


SCOTT MHMMDM|AD 


DBoOmMAmDAnnnmm 


bial 
2413 
2405 
2397 
2390 
2382 
2374 
2366 


Co-tan.| Secant.}]Co-sec. 
11 058048/10.001656/11.059704 


11.056596]10. 
11.055148|10. 
11.053705/10. 
11.052266/10. 
11.050832|10. 
11.049403/10. 
11.047979|10. 
11.046559/10. 


001667/11. 
001678)11. 
00168911. 
001700/11. 
OO1711/11. 
001723|11. 
001734|11. 
001745/11. 


2359 
2351 
2544 
2336 
2329 
2322 
2314 
2307 
2300 
2293 
2286 
2279 
2271 
2265 
2257 
2251 


001757|11. 
OO1LTESI11. 


11.045144/10. 
11.043733/10. 
11.042326)10.001780/11. 
11.040925)10.001791/11. 
11..039527/10.001803/11. 
11.038134|10.001814/11. 
11.036745|10.001826|11 
11,035361|10.001837 
11.033981/10.001849/}11 
11 ,032606)10.001861}11 
11.031234}10.001872)11. 
11.029867|10.001884|11 


11. 028504) 10.001896|11 
11. 027145|10.001908}11 
11.025791/10.001920)11 
22 44|L1.024440/10.001932)11 
2237|11-023094/L0.001944|11 
223 9{11-021752|10.001956 
293 |11.020414|10.001968|11. 
2217 |L1-019079/10.001989 11. 
22 19|t1 -017749|10 .001992)11. 
2994 |Lt+016423|10.002004)11. 
2197|11-015101}10. 002016) 11 

11.013783|10.002028]11. 


2178 te 
217] [11 - 00985110 .002065|11 


2165|11-008549|10.002078]11. 
D158|11-007250/10,.002090)11. 
21 59(11-005955/10.002103/11. 
214G| 11 004663/10.002115/11. 
91 40| Lt: 003376|10.0021 28/11. 


213; {11 -002092/10. 00214011. 
217 {11 -000812/10.002153/11. 
2121 |L0-999535/10.002165]11. 
2] 15|10-998262/10 .002178)11. 
2199|10-996993/10.002191|10. 
2193/10 -995728|10. 002203110. 
2997|10 -994466/10 .002216|10. 
2091 |10-993208|10 .002229]10. 
2986 | 10 -991953/10 .002242/10. 
3979) 10-990702|10 .002255/10. 


2074 


2062|19- 986969 
2056|L9-985732)10 .002307/10 
205 1|10 - 984498) 10 .002320)10 
2045 | 10 - 983268) 10 .002333/10 
2039| 10 -982041)10.0023.46)10. 
9034|10-980817/10 .002359)10 
9028110 -979597|10 00237210 

10.978380)10.002386)10. 


10.002281)10. 
10.002294)10. 


84 Degrees. 


058262 
056826 
055394 
053966 
0525.44 
051126 
049713 
048304 
046900 
045501 


942716 
041330 
039918 


-038571 
- 037199 
. 035830 
- 034466 


033107 


022351 
021059 
019741 
018427 


-OITL17| 29 


015811 
014509] 
013211 


-O11917 


010626 
009340 
008057 
006775 
005503 


004232 


002964 
001701 
000440 
999184 
997931 
996682 
995437 
994195 
992956 


$90i90 
989263 


- 988038 
- 986518 
- 985600 


984387 


-983176 
.981969 


980765 


044106 


.031751| 40 

-030400) 39 
- 029053 
.027711 
- 026372 
- 025038 
- 023707 


38 
37 
36 
35 
34 
33 
32 
31 
30 


28 
27 
26 
25 
24 
23 
22 
21 
20 


19 
18 
17 
16 
15 
14 
13 
12 
11 
10 


La eae 


10.989454|10. 002268/10. 991722 


Sine. |\Co-tan. Tang. |Co-sec. |Secant. | M 


116 


TABLE XXV. 


LOGARITHMIC SINES, TANGENTS, AND SECANTS. 


= | 


CMNOCTRWOHDES SO 


10 


ll 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
39 
31 
32 
33 
34 
35 
36 


Sine. |Diff.|Co-sine.| D.| Tang. |Diff.| Co-tan.| Secant. |Co-sec.| M 


nn | CC 
a | 


9.019235 
9.020435 
9.021632 
9.022825 
9.024016 
9.025203 
9.026386 
9.027567 
9.028744 
9.029918 
9.031089 
9.032257 
9.033421 
9.034582 
9.035741 
9.036896 
9.038048 
9.039197 
9.040342 
9.041485 
9.042625 
9.043762 
9.044895 
9.046026 
9 947154 
9.48279 
9.049400 
9.050519 
9.051635 
9.052749 
9.053859 


9.054966 
9.056071 
9.057172 
9.058271 
9.059367 
9.060460 
9.061551 


9.062639) 


9.063724 
9.064806 


9.065885 
9.066962 
9.068036 
9.069107 
9.070176 


9.997614 
9.997601 
9.997588 
9.997574 
9.997561 
9.997547 
9.997534 
9.997520 
9.997507 
9.997493 
9.997480 


9.997466 


9.997452 
9.997439 
9.997425 
9.997411 
9.997397 
9.997383 
9.997369 
9.997355 
9.997341 


9.997327 


9.997313 
9.997299 
9.997285 
9.997271 
9.997257 
9.997242 
9.997228 
9.997214 
9.997199 


‘| 9.997185 


9.987170 
9.997156 
9.997141 
9.997127 
9.997112 
9.997098 
9.997083 
9.997068 
9.997053 


9.997039 


9.997024 
9.997009 
9.996994 
9.996979 
9.996964 


| 9.996949 


9.996934 


9.996919} ; 


9.996904 
9.996889 
9.996874 
9.995558 
9.996843 
9.996825 
9.996812 
9.996797 
9.996782 
9.996766 
9.996751 


6 Degrees. 


10.978380)10.002386/10. 980765 
10.977166)10 .002399)10.979565 
10.975956)10.002412)10.975368 
10.974749)10 .002426)10.977175 
2001 | 19 - 973545/10.002439/10.975954 
1995|10-972345/10 .002453)10 974797 
10.971148)10.002466)10.973614 


1974 
1969 


10.958187|10.002617|10. 960803 
10 .957027/10.002631\10.959658 
10 .955870/10.002645!10.958515 
10.954716/10.002659!10.957375 


10 .953566|10.002673/10. 956238 


.046434 
9.047582 
9.048727 
9.049869 
9.051008 
9.052144 


1898 


—————-| 187 
-057781 : 


. 058900 
9.060016] ..- 


9.061130) 1895 


©2O1O OOO 
i) 
Or 
or 
or 
ew 
or 


10.941100|10 .002830)10.943929 
10.939984/|10 .002844|10.942828 
10.938870)10.002859)10.941729 
10.937760)10.002873/10.940633 
10 .936652)10.002888)10.939540 


1828), .° 
1824 
1819 


10.931154/10.002961/10.934115 
10.930062)10.002976/10.933038 
10.928973)10.002991/10.931964 
10.927887|10.003006/10.930893 


—§ —____ | | | 


10.932248)10.002947/10.935194, 


60 
59 
58 


10. 942219|10.002815/10. 945034 


9.085894 
9.086922 
9.087947 
9.088970 
9.059990 
9.091608 


9.093037 
9.094047 
9.095056 
10 |9.696062 


11 (9.097065 
12 |9.098066 
13. |9.099065 
14 |9.100062 
15 |9.101056 
16 |9.102048 
17 |9.103037 
18 |9.104025 
19 |9.105016 
20 |9.105992 
21 (9.106973 
9.107951 
9.108927 
9.109901 
9.110873! 
9.111842 
9.112809 
9.113774 
9.114737 
9.115698 
9.116656 
9.117613 
9.118567 
84. |9.119519 
9.120469 
9.121417 
9.122362 
9.123306 
9.124248 
40 |9.125187 
41 |9.126125 
42 9.127060 
43 |9.127993 
44 |9.128925 
45 19.129854 
46 |9.130781 
47 |9.131706 
48 |9.132639 
49 lo 3551 
50 9.184470 
51 (9.135387 
52 9.136303 
53 |9.137216 
54 |9.138128 
55 |9.139037 
56 19.139944 
57 9.140850 
58 |9.141754 
59 |9.142655 
GO [9.143555 


M |Co-sine 


id 


9.092024! 


Sine. | Diff.|Co-sine. 


9.996751 
9.996735 
9.996720) 
9.996704 
9.996688 
9.996673 
9.996657 
9.996641 
9.996625 
9.996610 
9.996594 
9.996578 
9.996562 
9.996546 
9.996530] 
9.996514 
9.996498 
9.996482 


9.996465 
9.896449 
9.996433 
9.996417 
9.996400 
9.896384 
9.996368 
9.996351 
9 .S96335 
9.996318 
9.896302 
9.996285 
9.996269 
9.996252 
9.996235 
9.996219 
9.966202 
9.996185 
9.996168 
9.996151 
9.996134 
9.996117 
9.996100 
9.996083 
9.996066 
9.996049 
9.996032 
9.996015 
9.995998 
9.995980 
9.995963 
9.995946 
9.995928 
9.995894 
9.995876 
9.995859 
9.995841 
9.995823 
9.995806 
9.995788 
9.995771 
9.995753 


Sine. 


7 Degrees. 


D.| Tang. |Diff.| Co-tan. 


ef fe | 


9.091228 
9.092266 
9.093302 
9.094336 
9.095367 
9.996395 
9.097422 
9.098446 
9.099468 


9.100487 
9.101504 
9.102519 
9.103532 
9.104542 
9.105550 
9.106556 
9.107559 
9.108560 
9.109559 
9.110556 
9.111551 
9.112543 
9.113533 
9.114521 
9.115507 
9.116491 
9.117472 
9.118452 
9.119429 
9.120404 
9.121377 
9.122348 
9.123317 
9.124284 
9.125249 
9.126211 
9.127172 
9.128130 
9.129087 


9.130041 
9.130994 
9.131944 
9.132893 
9.133839 
9.134784 
9.135726 
9.136667 
9.137605 
9.138542 


9.139476 
9.140409 
9.141340 
9.142269 
9.143196 
9.144121 
9.145044 
9.145966 
9.146885 
9.147803 


Co-tan. 


1738 
1735 
1731 
1727 
1722 
1719 
1715 
aval 
1707 
1703 
1699 


1695) 


1691 
1687 
1684 
1680 
1676 
1672 
1669 
1665 
1661 
1658 
1654 
1659 
1647 
1643 
1639 
1636 
1632 
1629 
1625 
1622 
1618 
1615 
1611 
1608 
1604 
1601 
1597 
1594 
1591 
1587 


1558 


1539 


200 


1529 


82 Degrees. 


TABLE XXV. 
LOGARITHMIC SINES, TANGENTS, AND SECANTS. 


10.910856/10. 
10.909813|10 
10.908772|10. 
10.907734/10. 
10.906698|10 
'10.905664/10. 
10.904633/10. 
10.903605|10 
10.902578/10. 
10.901554|10. 
110.900532/10. 
10.899513/10 
10.898496/10. 
10.897481|10. 
10.896468|10. 
10.895458)|10. 
110.8944150;10 
110.893444/10. 
10.892441/10. 
10.891440/10 
10.890441'10. 


- 003265 


.003312 


-003359 


- 003422 


10. 
10. 
10. 
10. 
10. 
10. 
10. 
16. 
10. 
10. 


003250 
003296 


003327 
003343 


003375 
003390 
003406 


003438/10. 
003454/10. 
003470)10. 
003456)10. 


-003502)10. 


003518/10. 
003535/10. 


-003551)10. 


003567|10. 


. 893027! 39 


10.889444|10.003583/10 


10.888449/10. 
10.887457|10. 
10.886467/10. 
10.885479)10. 
10884493) 10. 
10883509) 10 
(10 .882528|10 
10.881548/10. 
10.880571|10. 
10 .879596)10 
10.878623|10 
10.877652)10 
10.876683}10. 
10.875716|10, 
10.874751|10. 
10.873789)10, 
1087282810 
10.871870)10 
1087091310, 
10.869959 10 
10.869006,10. 
19 868056 10 
10.867107\10. 
1086616110. 
10.865216)10 
10.864274/10 
10. 
10 .862395/10 
10.861458)10. 


10 -860524)10 


10. 
10.858660)10. 
10.857731/10. 
10.856804/10. 
10.855879 10. 
10.85.4956 10 
10.854034 10 
10.853115 10. 
\10.852197,10. 


Ld eumoael 
| Tang. 


- 963682)10 
-003695)10. 


0041941 
.004212/10. 


003600|10. 
003616)10. 
003632/10. 
003649/10. 
90366510. 


003715/10. 
003731/10. 


.003748)/10. 
-003765/10. 
-O03781)10. 


003798/19. 
003515'10. 
003832)/10. 
003849/10. 


.003566)10. 
.003883)10. 


00390010. 


093934/10. 


-003951)10. 


003965/10. 
003985/10. 


.004002)10. 
.004020110. 


0041037/|10. 


-004054/10. 


004072/10. 


-004089)10. j 


004106/10. 
004124/10. 
004141/10. 
004159 
004177 


10. 
10. 


004229/10. 
004247/10. 


Co-sec. |Secant. 


10.902935 


.$87191 


10.86 


914106! 
913078) 5 
912053) § 
911030 
910010) 
908992) 5: 
907976. 
906963, 
905953 
904944) : 
903938 


901934 
900935 
899938 
895944] - 
897952! 
896963) 
895975 
§949990 
894008 


891073 
890999 
S89127 
588158} ; 


886226) 3: 
885263 


.003917/10.873875| 19. 


858246 
857345 
856445 


Seen a 


118 


LOGARITHMIC §INES, TANGENTS, AND SECANTS., 


= 


'SOONAARANH S| 


. 145349 
146243 | 
. 147136 
148026 
148915 
149812 
. 150686 
151569 
. 152451 
9.153330 
9.154208 
9.155083 
9.155957 
156830 
157700 
158569 
159435 
160301 
.161164 


SoSH Sooooscs 


- 162025 


- 162885 
. 163743 
- 164600 
165454 
- 166307 
- 167159 
- 168008 
- 168856 
9.169702 


ooovcvuvsuorescoec 6 


31 19.170547 


32 9.171389 
33 |9.172230 
3.4 |9.173070 
35 |9.173908 
36 |9.174744 
37 (9.175578 
38 |9.176411 
39 '9.177242 
40 |9.178072 
41 |9.178900 
42 |9.179726 
43 |9.180551 
44 |9.181374 


9.191130 
9.191933 
9.192734 


1391 
1388 
1385 
1383 
1380 
1377 
1374 
Rye, 
1369 
1367 
1364 
1361 
1359 
1356 
1353 
1351 
1348 
1346 
1343 
1341 
1338 
1336) 
1333) 
1330) 


Reales 


euenveseouoos 


99575: 
9.995717 
995699 
. 995681 
. 995664 
. 995646 
995625 
995810 
$9559) 
995573 
9.395555 
9.995537 
9.995519 
9.995501 
9.995482 
9.995464 
9.995446 
9.995427 
9.995409 
9.995390 


“9.995372 


9.995353 
9.995334 
9.995316 
9.995297 
9.995278 


| 9.995260 


9.995241 
9.995222 
9.995203 
9.995184 
9.995165 
9.995146 
9.995127 
9.995108 
9.995089 
9.995070 
9.995051 
9.995032 
9.995013 


9.994993 
9.994974 
9.994955 
9.994935 
9.994916 
9.994896 
9.994877 
9.994857 
9.994838 
9.994818 


9.994798 
.994779| 
9947591 
994739! 
991720 
991700 
.994680, 
994660 
994640. 


995735, 


30 


TABLE 


XXV. 


8 Degrees. 


9.148718 
9. 149632 
9. 15054: 
9,151454 
9, 152363 
9. 153269 
9.154174 
9, 155077 


| 1526 


9. 155978 
9. 156877 


9.157775 
9.155671 
9.159565 
9.160457 
9.161347 
9.162236 
9.163123 
9.164008 
9.164892 
9.165774 
9.166654 
9.167532 
9.168409 
9.169284 
9.170157 
9.171029 
9.171899 
9.172767 
9.173634 
9.174499 


9.175362 
9.176224 
9.177084 
9.177942 
9.178799 
9.179655 
9.180508 
9.181360 
9.182211 
9.183059 
9.183907 
9.184752 
9.185597 
9.186439 
. 187280 
.188120 
.188958 
.189794 
.190629 
.191462 

.192294 
193124 
.193953 
.194780 
.195606 
. 196430 
197253 
. 198074 
198894 
9.199713 


ooovervcrvourveo soc oocoe 


Co-tan,| 
81 Degrees. 


‘Tang. | 1ff. Co-tan.| Secant. 


10. 852197 
10, 851282 


1523 1 850363; 


1526 
1514 
1511 
1598 
1505 
1502 
1499 


>) 


10 818546 
10. 847637 
10. 846731 
10. 815826 


10. 814022 
10. 813123 
10 .842225 
10.841329 
10.840435 
10.839543 
10.838653 
10.837764 
10.836877 
10.835992 
10.835108 
10 .834226 


1493 


1467 


10.827233 
1d jg|10-826366 

110.825501 
pF i reach Sas 2 
Ligg|t0-824038 
1433|10-823776 
143] |10-822916 

10.822058 
10.821201 


10.818640 
1 tL, |10.817789 
10.816941 


bing|10-816093 
1407|10-815248 
14094|19-814403 
1402|10-813561 
1399 10-812720 
0.811880 
-811042 
-810206 
.809371 
- 808538 
.807706 

. 806876 
-806047 
- 805220 
-804394 
- 803570 
.802747 
- 801926 
-801106 
10.800287 


10, 844923! 


10 
10. 
10. 


004265 10 
00428310 
004301\10 
004319 10 
004336\10 
00435410 


10, 
10, 
10. 
10. 
10, 
10 004409 
10, 004427 
110.004445/10 
10.004463/10 
10.004481|10 
10.004499/10 
10.004518|L0 
10.004536)10 
10.004554|10 
10.004573|10 
10.004591|10 
10.004610/10 


10.004628]10 
10.004647|10 
10. 0041666/10 
'10. 00468410 
10.004703/10 
.004722/10 
.004740]10 
.004759110 
10.00477SI10 
10.004797/10 
10.004816/10 
10.004835|10 
'110.004854/10 
10.004873/10 
'10.004892/10 


10 


10 


10.001968]10 


10.004949)|10 
oon ean 


10.005045)10 


10.005084)10 


Co-sec. | M- 
001247 10. 858445) 60 


851757, 
"852864 
851974) 


004372110. 850198 
004390110, 849314 


10, 847549 


.837975| 39. 


110.005007/10. 
'10.005026]10. 


10.005065)10. 


10.005104/10. 
'10.005123/10. 
10.005143|10. 
110.005 162}10. 
'10.005182|10. 
10.005202|10. 

10.00522110. 
10.005241|10. 
10.005261|10. 
'10.005281f10 . 
'10.005300/10. 
(10.005320|10. 
10.005340/10. 
10.005360|10. 
'10.005380|10. 


"Tane. |Co-sec.|Secant.| mM 
ob 


855547) 59 
854651) 58 
57 
56 
55 
54 
BY 4 
52 
51 
50. 
49 
48 
47 
46 
45 
44 
43 
42 
41 
40 


. 831085! 


“Sind 


. 846670) 
845792 
.844917 
.844043 
.843170 
842300 
.841431 
.840565 
839699 
838836 


38 
37 
36 
35 
34 
33 
32 
$l 
30 


-837115!, 
- 836257 
- 835400 
- 834546 
- 833693 
. 832841 
-831992 
.831144 
- 830295 


- 829453) 29 


28 
27 
26 
25 
24 
23 


. 828611 
.827770 
- 826930 
- 826092 
-§25256 
- 824422 
-823589] 22 
.822758] 21 
.821928} 20 


821100} 19 
820274| 18 
-819449} 17 
818626) 16 
-817804| 15 


net i 
CHW YOERNANECOCSCHN we 


$05668 


TABLE XXV. 119 


LOGARITHMIC SINES, TANGENTS, AND SECANTS., 


9 Degrees. 
mM | Sine. |Diff.|Co-sine.| D.| Tang. |Diff.| Co-tan.| Secant.|Co-sec.| M_ 


oe 
—= . 


rc | 
ee ERIC 


9.194332, 
9.195129 
9.195925 
9.196719 
9.197511 
9.198302 
9.199091 
9.199879 
9.200666 
9.201451 
9.20223 4 
“V1 |9.203017 
9.203797 
9.204577 
9.205354 
9.206131 
9.206906 
9.207679 
9.208452 
9.209222 
9.206992 
9.210760 
(211526 
212291 
.213055 
. 213818 
.214579 
.215338 
9.216097 
9.216854 
9.217609 
“31 (9.218363 
9.219116 
9.219868 
9.220618 
9.221367 


Me eer ae et 


.231715 
.232444 
“51 |9.233172 
. 233899 
234625 
235349 
9.236073 
236795 
.237515 
238235 
238953 

239670 


o-sine| 


9.994620 
9.994600 
9.994580 
9.994560 
9.994540 
9.994519 
9.994499 
9.994479 


| 9.994459 


9.994438 
9.994418 


9.994398 


9.994377 
9.994357 
9.991336 
9.994316 
9.994295 
9.994274 
9.994254 
9.994233 
9.994212 


9.994191 


9.994171 
9.994150 
9.994129 
9.994108 
9.991087 
9.964066 
9.G94045 
9.994024 
9.994003 


9.993982 


9.993960 
9.993939 
9.993918 
9.993897 
9.993875 
9.993854 
9.993832 
9.993811 
9.993789 


9.993768 


9.993746 
9.993725 
§.993703 


9.993681, 


9.993660 
9.993638 
9.993616 
9.993594 


9.993572 


Tis, 1 OOF TRILL GRETETO cn oe 


9.239622 


%.199713 
9.200529 
9.201345 
9.202159 
9.202971 
9.203782 
9.204592 
9.205400 
9.206207 
9.207013 
9.207817 
9.208619 
9.209420 
9.210220 
9.211018 
9.211815 
9.212611 
9.213405 
9.214198 
9.214989 
9.215780 
9.216568 
9.217356 
9.218142 
9.218926 
9.219710 
9.220492 
9.221272 
9.222052 
9.222830 
9.223607 
9.224382 
9.225156 
9.225929. 
9.226700 
9.227471 
9.228239 
9.229007 
9.229773 
9.230539 
9.231202 


9.232065 
9.232826 
9.233586 
9.234345 
9.235103 
9.235859 
9.236614 
9.237368 
9.238120 
9.238872 


1359 
10.797841/10 


‘110.794600)10 


10.792183/10 
10.791381}10 


1326 
1324 


1319 


1315 


1292 


o{L0.797029/10. 
| 10.796218)10. 
7{10. 795408)10. 


10.793793)10. 
10.792987/10. 


10.790580)10. 
10.789780/10. 
10.788982/10. 
10.788185/10. 
10.787389}10. 
10.786595]10. 
10.785802)10. 
10.785011/10. 
10.784220/10. 


10.783432)/10. 
10.782644/10. 
10.781858]10. 
~|10.781074/10. 
°110.780290|10. 
10.779508)10. 
10.778728/10. 
7|19- 777948) 10. 
‘110.777170|10. 
10.776393)10. 


.005380/10 


005420)10 


00548 1/L0 
005501/10 


005562/10 


.005582/10. 


-005602/10. 
005623)10. 
005643)10. 


005664)10 
005684|10 


10.775618|10. 


10.774844|10 
1286 
10.772529110 


10.770993]10 
1110.770227|10 
10.769461|10 
10.768698| 10 
10.767935|10 
1269}5 9 767174|10 


10.764897|10 


1256 


10.760375)10 


10.758135]10 
10.757390|10 


Tang. 


10.774071/10. 
10.773300)/10. 


J10.771761]10. 


10.7¢6414|10. 
~09110.765655|10. 


10.764141/10. 
10.763386]10. 
10.762632/10. 
9|10.761880/10. 
10.761128)10. 


10.759629)10. 
10.758882)10. 


10.756646/10. 


10.805668| 60 
.005400|10. 
10.798655{10. 


60 


804871] 59 


-804075| 58 
.005440/10. 
005460/10. 


803281] 57 
802489] 56 


-801698) 55 
-800909) 54 
.005521/10. 
005541)10. 


800121| 53 
799334] 52 


-798549, 51 


797766) 50 


796983] 49 
796203} 48 
795423) 47 


-794646| 46 
- 793869} 45 
005705)19. 
005726)10. 
005746/10. 
005767)/10. 
005788)/10. 
005809]10.789% 

005529)10. 
005850)10. 
005871/10. 
005892}10. 
005913)10. 
005934)10. 
005955/10. 
005976)10. 
005997)10. 


006018|10. 
.006040}10. 
00606110. 
006082/10. 
.006103|10. 
006125|10. 
.006146}10. 
.00616¢|10. 
.006189|10. 
.006211]10. 

.006232|10. 
.006254]10. 
00627410. 
006297|10. 
.006319]10. 
006346|10. 
006362|10. 
006384]10. 
006406|10. 
00642810. 


.006450|10. 
006472|10. 
006494110. 
.006516|10. 
.006538}10. 
006560|10. 
.006582|10. 
.006604|10. 
.006626|10. 
.006645]10. 


Co-sec.|Secant. | M 


793094| 44 
792321) 43 


eriencaiae| 


80 Degrees. 


120 TABLE XXV. 


LOGARITHMIC SINES, TANGENTS, AND SECANTS, 


10 Degrees. 


Sine. |Diff.|Co-sine.| D.| Tang. |Diff.| Co-tan.| Secant. 
9.239670, 9.993351] 2. |9.246319 


| ae | 


10.753681)10.006649 


Co-sec. 
240386 


10.760330 

241101 
241814 
2142526 
~ 243237 
243947 
214656 
9,215363 

9 |9.246069 
10 |9.246775 
9.247478 
9.248181 
9.218883 
9.249583 
. 250282 
. 250989 
251677 
Peay eee 
253057 
253764 


DNIOn hh WW HC 
covovvecrevec 


255144 
290834 
~ 256523 
257211 
297898 
-258583 
. 259268 
259951 
- 260633 
261314 
- 201994 
- 262673 
- 263351 
. 264027 
- 264703 
265377 
- 266051 
- 266723 
- 267395 
- 265065 
268734 
. 269402 
- 270060 
270735 
- 271400 
- 272064 
272726 
49 |9,273388 
50 |9.274049 


9.274708 
- 275367 
. 276025 
. 276681 
. 277337 
277991 
. 278645 
. 279297 
. 279948 
. 280599 


ecuvewrcrceriovrororrcoer &.% 


9 


—— = 


M |Co-sine 


1193 
1191 
1189 
1187 
1185 
L183 
1181 
1179 
1177 
1175 
1173 
1171 
1169 
1167 
1165 
1163 
1161 
1159 
1158 
1156 
1154 
L152 
1150 
1148 
1146 
144 
1142 
1141 
1139 
1137 
1135 
1133 
1131 
1130 
1128 
1126 
1124 
1122 
1120 
1119 
1117 
1115 
1113 
1lil 
1110 
1108 
1106 
1105 
1103 
1101 
1099 
1088 
1096 
1094 
1092 
1091 
1089 
1087 
1086 
1084 


993329 
993307 
993285 
9.993262 
-993240 
.993217 
.§93195 
993172 
9.993149 
9.993127 
9.993104 
.893981 
993059 
-G93036 
.893013 
. 992990 
- 992667 
992944 
992921 
- 992898 
9.992875 
9.992852 
9.992829 


euveervuevo 


9.992806) ¢ 


9.992753 
9.992759 
9.992736 
9.992713 
9.992690 
9.992666 
9.992643 
9.992619 
9.992596 
9.992572 
9.992549 
9.992525 
9.992501 
9.992478 
9.992454 
9.992430 


9.992406 
9.992382 
9.992358 
9.992335 
9.992311 
9.992287 
9.992263 
9.992239 
9.992214 
9.992190 


9.992166 
9.992142 
9.992118 
9.992093 
9.992069 
9.992044 
9.992020 
9.991996 
9.991971 
9.991947 


Sine. 


9.247057 
9.247794 
9.218539 
9.249264 
9.249998 
9.250730 
9.251461 
9.252191 
9.252920 
9.253648 
9 254374 
9.255100 
9.255824 
9.256547 
9.257269 
9.257990 
9.258710 
9.259429 
9.260146 
9.260863 
9.261578 
9.262292 
9.263995 
9.263717 
9.264428 
9.265135 
9.265847 
9.266555 
9.26726) 
9.267967 
9.268671 
9.269375 
9.270077 
9.270779 
9.271479 
9.272178 
9.272876 
9.273573 
9.274269 
9.274964 
9.275658 


9.280488 
9.281174 
9.281858 


9.287301 
9.287977 
9.288652 


Co-tan. 


79 Degrees. 
pica ahh vee ee 


1230 
1228 


10.752943/10. 


10.747080/10. 
10.746352)10. 


10.745626|10. 
10.744900/10. 
10.744176|10. 
10.743453/10. 
40911 0.742731|10. 
Ol 0.742010/10. 
oY 110.741290/10. 
HLog{10-740571)10. 
10.739854|10. 


1211 
1209 


10.736995|10. 
1 I10.736283110. 
Lieg|!0.735572|10. 
Fig, |t0-73486210. 
1179|10-734153]10. 
Frygit@-733445|10, 
110.732739)10. 


1176 
a6 f 
1174 102732033|19. 


1172 
1170 


10.731329|10 
10.730625|10 
lo 729923110. 
rie7|LO-729221/10. 
ie, |20-728521|10. 
116 4{10-727822)10. 
10.727124)10. 
10.726427|10. 
10.725731/10. 
110.725036/10. 
10.724342|10. 
10.723649|10. 
10.722957|10. 
10.722266)10. 
10.721576|10. 
10.72088710. 
10.720199|10. 
10.719512|10. 
10.718826|10. 
10.718142|10. 


1158 
1157 


10.716775/10. 
10.716093)10. 
10.715412/10. 
10.714732)10. 
10.714053/10. 
{10.713376,10. 
16.712699|10 
10.712023/10 
10.711348}10. 


Tange. 


;|10.752206)10. 
4\20.751470)19. 
10.750736)10. 
10.750002/10. 
10.749270/10. 
10.748539/10. 
10.74,809/10. 


ONGSO9GIIO. 752522 


.007357|10. 


.007834|10.725292 


.008004/10.720793 
-008029/10.720052 


006671110. 759614 
006693/10.755899 
006715/10.755156 
006738|10.757474 
0.06760|10.756763 
006783)10 .756053 
006805)10.755344 
006826)10.754637 
006851)10.753931 
006873)10.753225 


00GS19)10. 
006941/10. 
006964/10. 
006987}10. 
007010)10. 
007033)10. 
007056/10. 
007079)10. 


751819 
TOLLIT 
750417 
749718 
749020 
748323 
TAT627 
746933 


744856 
744166] 
743477 
742789 
742102 
741417 
740732 
740049 
739367 


OOTIT1/10. 
007 194/10. 
007 217}10. 
007241/10. 
007264)}10. 
007287|10. 
OO731LTILO. 
007334|10. 


738006 
737327 
736649 
735973 
735297 


007404}10. 
007428|10. 
007451110. 
007475|10. 
007499|10.734623 
007522/10.733949 
007546/10.733277 
097570|10.732605 
0075941; 

007618|10.731266 
007642|10.730598} 
007665'10.729931 
007689/10.729265 
007713/10.728600 
007737{10.727936 
007761/10.727274 
007786|10.726612 
007810|10.725951 


007858)10.724633 
007882/10.723975 
007907|10.723319 


007956/10.722009 
007980/10.721355 


008053'10.719401 


738686 
.007381/10. 


22 
21 
20 


0.731935| 19 


18 
17 
16 


Cm Nw eR aAat® Oo 


Co-sec, ,Secant. 


280599 
9.281248 
9.281897 
9.282544 
9.253190 
9.283836 
9.284480 
9.285124 
9.285766 
9.286408 
9.287048 

li |9.257688 
9.288326 
9.288964 
9.289600 
9.290236 
9.290870 
9.291504 
9.292137 
9.292768 
9.293399 

9.294029 
9.294658 
9.295286 
9.295913 
9.296539 
9.297164 
9.297788 
9.298412 
9.299034 
9.299655 
9.300276 

9.300895 

9.301514 
19302132 

9.302748 

9.303364 

9.303979 

9.394593 

9 395207 

9.205819 

9.306430 

9.307041 

9.307650 

9.308259 

308867 

9.309474 

9.310080 

9.310685 

9.311289 

9.311893 

9.312495 
2 19.313097 
3 19.313698 
4 |%.314297 
5 
6 


Caran enrno| 


9.314807 
9.315495 
9.316092 
9.316689 
9.317284 
9.317879 


qi or Or Or G Cr 


ee eee ee 
. 


M |Co-sine 


M Sine. Diff.|Co-s -sine. D. 


ecooenrwoenvvroenoue seco 


jal 9.990960) | 


~@,990908 
| 9,990882 


9.991947] .0 
9.991922 
9.991897 


991372 
. 991346 
991321 
- 991295 


eoencuveeoevee 


9.990934 


5 |9.305218 


TABLE XXV. 
LOGARITHMIC SINES, TANGENTS, AND SECANTS. 


11 Degrees. 


9.288652! 4150 
9.289326 
9.289999 
9.290671 
9.291342 
9.292013 
9.292682 
9.293350 
9.294017 
9.294684 
9.295349 
9.296013 
9.296677 
9.297339 


111 


110 


9.299322 
9.299980 
9.300635 
9.301295 
9.301951 


9.302607 
9.303261 
9.303914 
9.304567 


9.305869 
9.306519 
9.307168 
9,307815 
9.308463 
9.309109 
9.309754 

- 310398 


9 
9.311042 
9.311685 
9.312327 
9.312967 
9.313608 
9.314217 
9.314585 


9.315523 
9.316159 
9.316795 
9.317430 
0.318064 
9.318697 
9.319329 
9.319961 
9.320592 
9.321222 
9.321851 
9.322479 
9.323106 
9.323733 
9.324358 
9.324983 
9.325607 
9.326231 
9.326853 
9.327475 
Co-tan. 


1123 
1122 
1120 
1i1& 
1117 


1109 
1107|—— 
1106 
1104 
1103 


1100 
1098 
1096 
1095 
1093 
1092 
1090 
1689 
1087 
1086 
1084 
1083 
1081 
1089 
1978 
1077 
1075 
1074 
1073 
1071 
1070 
1068 
1067 
1065 
1064 
1062 
1061 
1060 
1058 
1057 
1055 
1054 
1053 
1051 
1050 
1048 
1047 
1045 


1041 
1040) 


lio. 711348)10.0 


10.709329/10 


10.707315/10 
10.706650)/10 


1110.705316110 


10.710674|10. 
10.710091|10. 
.008127/10 
10.708658|10. 


1115|19-707987/10. 


1114 
1112 


.098201/10 
.008226/10. 
10.705983/10. 
.008276)10. 
10.704651/10. 


ee EE 


‘ang. |Diff.| Co-tan. | Secant.|Co-see. 


10.008053/10.719401| 60 
008078/10.718752 
008103/10.718103 


098152) 10. 
008177/10. 


714876 
008251|10. 
sasatal ith 


008301/10.712952 


10.703987/10 


10.702661/10 


1[10-7O1999)10 


10.700678/10 


10.697393/10 
10.695433/10 
10.694131}10 


10.693481/10 


10.691537|10 


19.685753 


10.684477)10 


10.683841 
10.683205|10. 


10.678778/10 
10.678149| 10 


g| 19. 674393)10 


418 Degrees. 


,008326/10.71 
10.703323/10. 
.008376]10. 
008401 
10.701338]10. 
.008451/10. 
10.700020|10. 
"110 .699362|10. 
10.698705|10. 
10.698049/10. 

.008578 10.7 
10.696739}10. 
10.696086|10. 
.008654|10. 
10.694782|10. 
008705110. 
.008730\10. 
10.692832/10. 
10.692185]10. 
.008807!10. 
10.690891|10. 
10.690246/10. 
10.689602/10. 
10.688958|10. 
10.688315/10. 
10.687673/10. 
10.687033/10. 
10.686392/10. 
10. 
TG 


10. 


10.682570 10. 
10.681936)10. 
10.681303|10. 
10.680671)10. 
10.680039)10. 
10.679408)10. | 
.009329)10 

.009355)10. 
10.677521/10. 
10.676894/10. 
,|10.676267/10. 
)10.675642)10. 
10.675017/10. 
.009515|10. 
10.673769|10. 
10.673147)10. 
).009596)10. 


~712312 
008351|10.711674 
711036 
710400 
709764 
709130 
708496 
707863 
707232 
06601 
TUSYT I: 
705342 
704714 
704007 
703461 
702836 
702212 
008756|10.701588 
008782|10.700966 
700345 
). 008883/10.699724 
008859,10.699105 
08885|10.698486 
008910/10.697568 
008936|10.697252 
098962)10. 696636 
00S988]19. 696021 
009914/10. 695407 
039010/10.694793 
009066|10.694181 
009092|10. 693570 
009118]10.692959 
009145)10.60235. 
009171/10.G691741 
009397/10.691133 
G97 10.6911) 
009250)10. 689920 
00927610 .689315 
009303/26.6887 11 
.688107 


10. 


008426/10. 


008476/10. 
008502/10. 
0085 27/10. 
908552|10.7 


008603)10. 
008625)10. 


008679|10. 


687505| 


009382/10. 
009409119 .656302 
009435/10.685703 
009462/10.685103 
009459)10.684505 
683905 
683311 
682716 
682121 


686903 


009542\10. 
009569)10. 


Q 


121 


M 

60 
59 
58 


-717456) 57 
716810) 56 
716164} 55 
-715520) 54 


53 


714234 A 


~ 49 
48 
47 
AG 
45 
44 
43 
42 
4] 
40 
39° 
36 
oT 
36 
35 
34 
33 
32 
31 
30 


“99 
25 
af 
26 
20 
24 
23 
22 
21 
> 


2 


i 


122 


[Sconsemeene|3| 


10 


is 5 
12 
13 
14 
15 
16 
17 
18 
19 
20 


21 


22 
23 
24 
25 
26 
27 
28 
29 
30 


ar 


32 


TABLE XXV. 


LOGARITHMIC SINES, TANGENTS, AND SECANTS. 
12 Degrees. 
Tang. [Diff.| Co-tan. peranss Lore -sec. 


9.318473 
9.319066 
9.319658 
9.320249 
9.320840 
9.321430 
9.322019 
9.322607 
9.323194 
9.323780 
9.324366 
9.324950 
9.325534 


9.326117 


9.326700 
9.327281 
9.327862 
9.328442 
9.329021 


| 


9.329599 


9.330176 
9.330758 


9.331903 
9.332478 
9.333051 
9.333624 
9.334195 
9.334767 
9.335337 
9.335906 
9.836475 
‘9.337043 


9: 351003 Ke 


9.990404 
9.990378 
9.990351 
9.990324 
9.990297 
9.990270 
9.990243 
9.990215 
9.990188 
9.990161 
9.990134 


9.990107 


9.990079 
9.990052 
9.990025 
9.989997 
9.989970 
9.989942 
9.989915 
9.989887 
9.989860 


“9.989832 


9.959804 
9.989777 
9.959749 
9.989721 
9.989693 
9.989665 
9.989037 
9.989610 
9.989582 


9.989553 


9.989525 
9.989497 
9.989469 
9.989441 
9.989413 
9.959385 
9.989356 
9.989328 
9.989300 


9.989271 


9.989243 
9.989214 
9.989186 
9.989157 
9.989128 
9.989100 
9.959071 
9.989042 
9.989014 


9.988985 


9.988956 
9.988927 
9.988898 
9.988869 
9.988840 
9.988811 
9.988782 
9.988753 
9.988724 


Sine, 


“5: 327474 
9.328095 
9.328715 
9.329334 
9.329953 
9.330570 
9.331187 
9.331803 
9.332418 
9.333033 
9.333646 
9.334259 
9.334871 
9.335482 
9.336093 
9.336702 
9.337311 
9.337919 
9.338527 
9.339133 
9.339739 
9.340344 
9.340948 
9.341552 
9.342155 
9.342757 
9.343358 
9.343958 
9.344558 
9.345157 
9.345755 
9.316353 
9.346949 
9.347545 
9.348141 
9.348735 
9.349329 
9.349922 
9.350514 
9.351106 
9.351697 
9.352257 
9.352876 
9.353465 
9.354053 
9.354640 
9.355227 
9.355813 
9.356398 
9.356982 
9.357566 
9.358149) 
9.358731 
9.359313 
9.359893 
9.360474 
9.361053 
9.361632 
9.362210 
9.362787 
9.363364 


1024 
1023 
1021 
1020 
1019 
1017 
1016 
1015 
1013 
1012 
1011 
1010 


10. 67190510. 009622 10. 681527 
»|10.671285/10 .009649)10. 680934 
10.670666/10 .009676/10.680342 
10.670047/10.009703/10.679751 
10 .669430/10.009730 


10.668813 
5|10. 668197 
“{10.667582 
10 . 666967 
10.666354 
10.665741 
10.665129 


10.009757 
10.009785 
10.009512 
10 ,.009839 
10.009866 


10.009893 


10.009921 


10.679160 
10.678570 
10.677981 
10.677393 
10.676506 
10.676220 


10.675634 


10.675050 


10.664518/10 .009948/10.674466 


10.663907 
10.663298 
10.662689 
10.662081 
10.661473 
10.660867 
10.660261 


10.659656 


|10.659052 


~ (Co-tan. 


77 Degrees, 


10.658448 
10.657845 
9|L0.657243 
10.656642 
a 10.656042 


10.009975 
10.010003 
10.010030 
10.010058 
10.010085 
10.010113 
10.010140 


10.010168 
10.010196 
10.010223 
10.010251 
10.010279 
10.010307 


10.010335 


10.673853 
10.673300 
10.672719 
10.672138 
10.671558 
10.670979 
10.670401 


10.669824| ; 


10.669247 
10.668671 
10.668097 
10.667522 
10.666949 
10.666376 


9110. 655442/10 .010363/10.665805 
10 .654843/10.010390)10.665233 
{10.654245|/10.010418)10. 664663 


10.653647/10.010447|10.661094| ; 


9|l0.653051/10.010475|10.663525 
10.652455/10 .010503)10 .662957 
“10. 651859)10.010531|10.662390 
10.651265)10.010559)10.661824 
{10 .65067 1/10 .010587|10.661258 
710. -650078)10.010615/10. 660693 
10.649486/10.010644/10.660129 
10.648894/10.010672/10. 659566 
10.648303/10.010700/10.659004 


.647713/10.010729/10. 658442 
-647124|10.010757|10.657881 
-646535|10.010786)10.657321 
.645947|10.010814|10. 656761 
-645360/10.010843/10 .656203 
.644773)10.010872/10.655645 
-644187|10.010900)10.655088 
-643602/10.010929/10.654531 


-643018 
- 642434 
641551 
-641269 
- 640687 
-640107 


10.010958 
10 .010986 
10.011015 
10.011044 
10.011073 
10.011102 


10.653976 
10.653421 


10.652866). 


10.652313 
10.651760 
10.651208 


-639526/10.011131|10.650657 


. 638947 
.638368 
-637790 


10.011160 
10.011189 


:10.011218 


10.650107 
10.649557 
10.649008 


-687213|10.011247|10. 648460 


.636636)10.011276,10.647912 


Compe hannm eo 


60 


eee 


10 


Tl 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 


Sine. 


§.352088| og) 
9.3: 

9 

9 


9. 357524 
9.358064 
9.358603 
9.359141 


[9.359678 
9.360215 


9.360752 
9.361287 
9.361822 
9.362356 
9.362889 
9.363954 
9.364485 
9.365016 
9.365546 
9.366075 
9.366604 
9.367131 
9.367659 
9.368185 


9.368711 
9.369236 
9.369761 
9.370285 
9.370808 
9.371330 
9.371852 

.372373 
9.372894 
9.373414 


9.373933 


59 


a; 383168 
<r c .383675! 


Co-sine 


9.988695 
9.988666 
9.988636 
9.988607 
9.988578) 
9.988548 
9.988519 
9.988489 
9.988460 
9.988430 


9.988401 


9.988371 
9.988342 
9.985312 
9.988282 
9.988252 
9.988223 
9.988193 
9.988163 
9.988133 


9.988103 


9.988073 
9.988043 
9.988013 
9.987983 
9.987953 
9.987922 
9.987892 
9.987862 
8.987832 


9.987801 


9.987771 
9.987740 
9.987710 
9.987679 
9.987649 
9.987618 
9.987588 
9.987557 
9.987526 


9.987496 


9.987465 
9.987434 


9.987403} ; 
9.987372| ; 


9.987341 
9.987310 
9.987279 
9.987248 
9.987217 


9.987186} ; 
9.987155 


9.987124 
9.987092 
9.987061 
9.987030 
9.986998 


9.986967) * 


9.986936 


9.986904] 
Sine, 


TABLE 
LOGARITHMIC SINES, 


. 
ee ee 


¢ |9.363364 BOSSGA 
9.363940 
9.364515 
9.365090 
9.365664 
9.366237 
9.366810 
9.367382 
9.367953 
9.368524 
9.369094 


350910 
.381466 
382020 


- 383129 
. 383682 
.381234 
-384786 
-385337 
- 38588 


- 386435 
- 386987 
387536 
. 388084 
.388631 


. 3897 24 
- 390270 
390815 
. 391360 


.391903 
.392447 
.392989 
.393531 
.394073 
.394614 
.395154) 
.395694 
.396233 
.396771| 


iCo- tan] 


tO SEO er weCoeeveeseveesouseenovuescoe 


76 Degrees. 


3825751 « 


389178) ¢ 


XXV. 
TANGENTS, AND SECANTS. 


13 Degrees. 


(Diff. Co-sine. D. Tang. |Diff. 
9.988724 


| 
: 


Co-tan.|Secant. 


636636110. OL1L276 


-636060|10. 011305 
-635485/10.011334 
-634910/10.011364 
.634536/10.011393 


Co-sec. 


10.647912 


10.617365 
10.646819 
10.646274 
10.645729 


.633763)10.011422/10.645185 
.633190/10.011452)10 .644642 


.632618)10.011451 
-632047/10 011511 


10.644099 
10.643557 


-631476|10.011540)10.643016) ¢ 
-630906/10.011570|10. 642476 


.630337|10.011599/10.641936 


.629768)20 .011629 
-629201/10.011658 
.628633)10.011658 
.628067)10.011718 
-627501)10.011745 
.626936/10.011777 
.626371)10.011807 
.625807|10.011837 
.625244/10.011867 


-624681/10.011897 


.624119,10.011927 
-623558)10.011957 
-622997|10.011987 
-§22437/10.012017 
-621878/10. 012047 
-62131910.012078 
-620761)10.012198 
.620203)10.012158 
-619646)10 .012168 
-619090'10.012199 
-618534/10.012229 
-617980)10.012260 
-617425|10.012290 
-616871|10.012321 
-616318)10.0129351 
.615766)10 .012382 
-615214/10.012412 
-614663)10.012448 
-614112)106.012474 


10.613562/10.012504 
10.613013)10.012535 
10.612464|10. 012566 
10.611916/10.012597 
10.611369}10 .012628 
10.610822|10.012659 
10.610276)10.012690 
10.609730)10.012721 
10.609185|10.012752 
10.608640/10.012783 
10.608097|10.012814 
10.607553/10.012845 
10.607011|10.012876 
10.606469|10.012908 
10.605927|10.012939 
10.605386|10.012970 
10.604846'10.013002 
10.604306/10.013033'1 
10.603767/10.013064 
10 603229 10 013096 


10611397 
10.640859 
10.640322 
10 .639785 
10.639245 
10.638713 
10.638178 
10.637644 
10.637111 


10.636046 
10.635515 
10.634984 
10.634454 
10.633925 
10.633596 


10.632869] : 


10.632341 
10.631815 


10.631289] 29 


10.630764 
10.630239 
10.629715 
10.629192 
10.628670 
10.625148 
10.627627 
10.627106 
10 .626586 


10.626067 


10.625548) | 


10.625030 
10.624513 
10.623997 
10.623481 
10.622965 
10.622451 
10.621937 
10.621423 
10.620911 
10.620399 
10.619587 
10.619376 
10.618866 
10.618357 
aes .617848 

0.617339 
10.616832 
10.616325 


Tang. iGo -sec.|Secant.| 


10.636578 


Herries oe ttc. 


M 


am 


124 


TABLE XXV 


LOGARITHMIC SINES, TANGENTS, AND SECANTS. 


14 Degrees. 


mM ( Sine. |Diff./Co-sine.| D. 


0 (9.383675 
9.384182 
9.384687 


9.385697 
9.386201 
9.386704 
9.387207 
9.387709 
9.388210 
9.388711 
9.389211 
9.389711 
9.390210 
390708 
391206 
391703 
.392199 
392695 
393191 
9.393685 
9.394179 
9.394673 
395166 
395658 
396150 
396641 
397132 


nll api antileet tea 
SESE Sem bin tinietek 


.398111 
E| 30 |9.398660 
I} 31 9.399085 
(9.399575 
9.400962 
9.400549 
9.401035 
9.401520 
9.402005 
9.402489 
9.402972 
AO (9.403455 
1} 41 |9.403938 
9.404420 
9.404901 
9.405382 
9.405862 
9.406341 
9.406820 
9.407299 
9.407777 
9.408254 


oo 


408731 
-409207 
- 409682 
-410157 
-410632 
-411106 
-411579 
-412052 
-412524 
-412996 


or 
on 
eouwnvuvvovevoed 


60 


es 


mM |Co-sine 
ee 


397621; 


9.986904 
9.986873 
9.986841 
9.986809 
9.986778 
9.986746 
9.986714 
9.986683 
9.986651 
9.986619 
9.986587 


9.986491 
9.986159 
9.986427 
9.986395 
9.986363 
9.986331 
9.986299 
9.986266 


9.986234 


9.986202 
9.956169 
9.986137 
9.986104 
9.986072 
9.956039 
9.986007 
9.985974 
9.985942 


9.985909 


9.985876 
9.985843 
9.985811 
9.985778 
9.985745 
9.985712 
9.985679 
9.985646 
9.985613 


Sine. 


9.396771 
9.397309 
9.397846 
9.398383 
9.398919 
9.399455 
9.399990 
9.400524 
9.401058 
9.401591 
9.402124 
‘9.402656 
9.403187 
9.403718 
9.404249 
9.404778 
9.405308 
9.405836 
9.406364 
9.406892 
9.407419 


9.407945 
9.408471 
9.408997 
9.409521 
9.410045 
9.410569 
9.411092 
9.411615 
9.412137 
9.412658 


9.413179 
9.413699 
9.414219 
9.414738 
9.415257 
9.415775 
9.416293 
9.416810 
9.417326 
9.417842 


9.418358 
9.418873] g5 

9.419387] ang 
9.419901] gp. 5 
9.420415 
9.420927 
9.421440 
9.421952! gx: 
9.422463| 52% 
9.422974 


9.423484 
9.423993 
9.424503 
9.425011 
9.425519 
9.426027 
9.426534 
9.427041 
9.427547 
9.428052 


~~ \Co-tan,| 


75 Degrees. 


10 .603229/10 .013096|10.616325 
10.602691/10.013127|10.615818 
10.602154/10.013159]10.615313 
10.601617/10.013191/10.614805 
10.601081/10.013222|10.614303 
10.600545/10 .013254)10.613799 
10.600010/10.013286/10.613296 
10.599476/10.013317|10.612793 
10.598942/10 .013349)10.612291 
10.598409/10 .013381)10.611790 
10.597876/10.013413)10.611289 


10.597344|10.013445/10.610789} 49 


10.596813/10.013477|10.610289 
10.596282/10 .013509/10.609790 
10.595751/10.013541/10.609292 
10 595222110 .013573)10 . 608794 
10.594692)10.013605/10.608297 
10.594164/10.013637|10 .607801 
10 .593636/10 .013669|10.607305 
10.593108)10.013701)10. 606810 
10.592581/10.013734|10 .6063 15 


41 
40 


10 .592055|10.013766|10.605821| 39 


10.591529/10 .013798)10 .605327 
10.591003/10 .013831|10.604834 
10.590479/10.013863|10.604342 
10.589955/10 .013896|10.603850 
10.589431/10.013928/10 .603359 
10.588908/10 .013961|10.602868 
10.588385/10 .013993/10 .602379 
10.587863)10 .014026/10.601889 
10.587342)10.014058/10.601400 


38 
37 
36 
35 
34 
33 
32 
31 
30 


10.586821/10.014091|10.600912| 29 


10.586301/10.014124|10.600425 
10.585781/10.014157|10.599938 
10.585262/10.014189)10 .599451 
10.584743|10.014222/10 .598965 
10.584225)10 .014255|10.598480 
10.583707|10.014288/10 .597995 
10.583190)10.014321)10.597511 
10.582674/10.014354/10.597028 
10.582158)10.014387|10.596545 


28 
27 
26 
25 
24 
23 
22 
21 
20 


10.581642)10.014420/10.596062| 19 


10.581127|10.014453)10.595580 
10.580613)10.014486/10.595099 


10.579073|10.014586|10.593659 
10.578560/10.014619110.593180 


10.577026,10.014720/10.591746 


10.576007|10 .014787/10.590793 
10.575497|10.014820/10.590318 
10.574989'10 .014854)10.589843 
10.574481/10.014887|10.589368 
10.573973/10.014921)10.588894 
0.573466 10 .014955/10.588421 
10.572959 10 .014989'10.587945 
10.572453 10 .01502210.587476 
10.571948/10.015056 10.587004 


es 


ang. |Co-sec. 


10.57651610.014753'10.591269| 9 


Secant. 


18 
17 
16 
15 
14 
13 
12 
11 
10 


© 


nd 
(or NwhoOnntsD 


TABLE XXV 
SINES, TANGENTS, AND SECANTS. 


125 
LOGARITHMIC 


15 Degrees. 


“G4 Degrees. 


M 
““@ |9.412996) 795 | 9:984944) ., |9.428052) 5, |10.571948/10.015056)10.587004) 60 
1 9.413467 re | 9-984910| 27 l9.428557| 84% |10.571443/10.015090|10.586533| 59 
2 |9.413938| 725 | 9.984876] 57 9.429062] 1) |10.570938|10.015124|10.586062| 58 
3 |9.414408| 745 | 9.984842) £7 9.420566] Can, |L0.570434|10.015158|10.585592) 57 
4 |9.414878| 765 | 9.984808] 57 9.430070| S29 |10.569930|10.015192|10.585122| 56 
5 (9.415347) 7; | 9-984774] 27 |9.430573] Gas [10.569427|10.015226|10 584653] 55 
G }9.415815| 7g | 9-984740) > 9.481075] 65° |10.568925/10.015260|10.584185) 54 
7 |9.416283, Fry | 9.984706] 27 9.431577] 837 |10.568423|10.015294/10.583717] 53 
8 |9.116751| 775 | 9-984672| 2° [9.432079] S9° |10.567921/10.015328|10.583249] 52 
9 |9.417227| 277 | 9.984638] 5% 9.432580] £37 |10.567420|10.015362|10.582783) 51 
| 10 (9.417684) , 9.984603 9.433050 833 10.566920/10.015397|/10.582316) 50 
fH 11 9.418150 775 | 9-984569 -433580| 625 |10.566420)10.015431|10.581850| 49 
| 12 9.418615] 774 | 9.984535] 22 [9.434080] £35 |10,565920)10.015465|10.581385| 48 
j] 13 (9.419079) 773 | 9.984500) 57 |0.434579| 591 [10.565421 10.015500|10.580921) 47 
MP il 6 caadgnte 8% lc ganerel: 820. liu coaanaiio iecedioxeneagel ae 
ee aria 1 72¢| 9 Ga1g97 pert 10.563927|10.015603/10.579530| 44 
| t7 lo.420033| 771 | 9.984308 "436570| 828 |10.863430110.013637|10.579067! 43 
18 [9.491305| 22° | 9.981328] °8 lo-a3zo67| 828 lto.se2033/10.015672112.578605| 42 
ee ete. 709.}.5 os ion, "137563| ®27 |10/362437\10.018700|10.578143| 41 
29 9.422811 7S | 9:951259| 57 Ip" 438050] 820 |10:so1o4i|t0.015741 10.577689| 40 
Sp iraer ru, |) wy Be at Me senaee ara ae 
ew ater 78519 oaii5s eapseatiee A ceodlertOjieeks Me 3 
Dar eiastisq 705 9.981120 Taoasdeeee TOneesheltinisace 10575844 Bh 
| $5 [9.428013] 7 | 9-o8s085| ®8 lo-s10s201 822 |ro-sso47i\10.018013|10.5738801 35 
4) 25 Be” 763 ee og Beeps 82] spa th oy eae pele 35 
Bae Witeevs | 702 tel ab 5 aapreaeeee lo sawiseith bieges HOeEGAATE aa 
27 cea 761 e peaet AMIS 819 Pe sale te ie 83 ivan #3 
|| 28 [0.425987] 769 | 9-958981 9.412006) gy |10.597994 10, 16019}10.974018 39 
| Fe Bis Ea0s 760 B besait eer 518 io sefaealtonbtcaceliGheenten 3 
| 81 (9.427354 oy pests 143.179 ay Loess 7100 010et ee 29 
82 9.427809) 757 | 9.983840 443968] 815 10.556032)10.016160 10.572191| 38 
33 9 428263 756 eraace -4144458 815 seeneenaalthtopea chee vai 
34 |9.428717| 12? | 9.983770 444947] 514 10.555053)10.0162 0/10.571289] 26 
35 9.429170 754 9.983735 ~445435 813 peas iy ikidere rE 25 
1) 36 |9.420623] 7°73 | 9.983700 415923| 615 10.95.4077 10 .016300 10.570377| 24 
Be igs reet) 13'|'5 onsoso epee tee 10.558102|10.0168 Pte . 
Be sera al T52)|\0gosens itl S11} ocessarelio dieses tienen ae 
| 40 .431499| 71 | 9-083506 447870| 81° |10.ss2130l10.016449110.568571| 20 
40 |9.431429} 74 | 9.983558 870] Gog {10 210.568571] 20 
j) 41 (9.431879) 21, | 9.983528 148356] goq |10.551644]10.016477|10.508121) 19 
42 |9.432329) 71) | 9.983487] 53 /9-448841) go, [10.551159]10.016513)10.567671| 18 
|| 43 (9.482778) 749 | 9.983452] Go |9.449326| g57 j10.550674|10.016548|10.567222) 17 
| 44 |9.433226] 747 | 9.983416) 5 |9.449810) gg [10 -550190110.016584)10..566774] 16 
45 |9,433675| 147 | 9.983381 450294 er 10.549706/10 .016619)10.566825 15 
t] 4G [9.434122] 77° | 9.983345 450777) 895 1.549223 10 .016655|10.565878) 14 
ae lgiiasarat 744 tpedaae pee 804 110 .548257 Neh pte ‘Weeeiiel Hd 
Die eeaseicsl 744 peered: 452225| °°3 hho s4777st10.016762110.564538| 1] 
| $0 [9.433008| 743 | 9983909 452706) 9° 10.54729410.016798|10.564092] 10 
ET 9.430353 ee 0.983166 453187| 551 |10.546813|10.016834|10.563647| 9 
52 |9.436798| 747 | 9.983130 458668] 899 |L0-546332|10.016870110. 563202] 8 
53 |9.437242| 74° | 9.983094 -454148| 99 |10.545852|10.01690610.562758, 7 
| 54 |9.437086| 74° | 9 983058 -454628| 799 |10.545372|10.016942|10.562314] 6 
e emsea re bees mb cin] os becca fires te 
i! 57 lo.439014| 237 | 9.982950 456064| 297 }10.543936/10.017050/10.560986| 3 
| 58 |9.439156' 225 | 9 oge014 456542| £2 |10.543458110.017086\10 5605441 2 
Y sv @ 3 * 736 . ¥ 796 . vu e . 
59 /9.439897| 73° | 9.982878 457019| 70° |10.542981|10.017122)10.560103| 1 
60 19.440338 9.982842 457496] 72° |10.542504|10.017158/10.559662| 0 


126 


TABLE XXV. 


16 Degrees. 


LOGARITHMIC SINES, TANGENTS, AND SECANTS. 


eee 
ee, 


9.441658 
9.442096 
9.442535 
9.442973 
9 443410 
9.413847 
9.444284 
9.444720 
9.445155 
9.445590 
9.446025 
9.446459 
9.446893 
9.447326 
[2-447759 
9.448191 
9.448623 
9.449054 
9.449485 
9.449915 
9.450345 
9.450775 
9.451204 
9.451632 
9.452060 
9.452488 
9.452915 
9.453342 


9.453768 


M 


9.454194 
9.454619 
9.455044 
9.455469 
9.455893 
9.456316 
9.456739 
9.457162 
9.457584 


9.458006 
9.458427 
9.458848 
(9.459268 
9.459688 
9.460108 
9.460527 
9.460946 
9.461364 
9.461782 


51 |9.462199 


9.462616 
9.463032 
9.463448 
9.463864 
9.464279 
9.461694 
9.465108 
9.465522} 
9.465935) 


Co-sine| 


9.982842 
9.982805 
9.982769 
9.982733 
9.982696 
- 982660 
982624 
- 982587 
.982551 
982514 
982477 


- 982441 


982404 
. 982367 
.982331 
. 982294 
982257! 
. 982220 


eeoeownoovevos ce veceso 


9.981998 
9.981961) 
9.981924) 
9.981886 
9.981849 
9.931812 
9.981774 
9.981737 


9.981700 


9.981662 
9.981625 
9.981587 
9.981549 
9.981512 
9.981474 
9.981436 
-981399 
.981361 


- 981323 


. 981285 
.9812417 
. 981209 
-981171 
.981133 
. 981095 
. 981057 
. 981019 
. 980981 


. 980942 


. 980904 
- 980866 
. 980827 
. 980789 
-980750 
.980712 
. 980673 
. 980635 
- 980596 


weouvowuNneuoevoocouuovoeovr~ocooooe 


Sine, 


esevervruvuvcrvesuoocoveovvoveecvrvorruore ooo eceeoevre 


9.457496 
9.457973 
9.458449 
9.458925 
9.459400 
9.459875 
9.460349 
9.460823 
9.461297 
9.461770 
9.462242 
9.4627 14| 
9.463186 
9.463658 
9.464128 
9.464599 
9.465069 
9.465539 
9.466008 
9.466476 
9.466945 


9.467413 
9.467880 
9.468347 
9.468814 
9.469280 
9.469746 
9.470211 
9.470676 
9.471141 
9.471605 
-472068 
-472532 
-472995 
-473457 
-473919 
-474381 
-474842 
-475303 
-475763 
-476223 


-476683 
-477142 
-477601 
-478059 
478517 
-A78975 
-479432 
-479889 
-480345 
-480801 


-481257 
481712 
-482167 
. 482621 
- 483075 
.483529 
. 483982 
.484435 
.484887 
.485339 


Ws 
I 
aan 


73 Degrees, 


10.542504]10.017158/10. 
10 .542027]10.017195}10. 
10.541551/10.017231/10. 
10.541075/10.017267/10. 
10.540600/10.017304/10. 
10.540125/10.017340/10. 
10.539651/10.017376/10. 
10.539177/10.017413/10.5: 
10 .538703/19.017449|10. 
10 .538230/10.017486110. 
10 .537758/10.017523|10. 


559222 
558782 
558342 
557904 


10.536342/10 .017633)10.553975 
10.535872)10.017669}10.553541 
10.535401|10.017706|10.553107 
10.534931/10.017743/10.552674 
10.534461/10.017780/10.552241 
10 .533992)10.017817|10.551809 
10.533524/10.017854/10.551377 
10.533055/10.017891|10.550946 


10.532587|10.017928/10.550515 


10.526081/10.018451/10.544531 
10.525619|10.018488/10.544107 
10.525158/10.018526/10 .543684 
10.524697/10 .018564/10 .543261 
10.524237/10.018601/10.542838 
10.523777/10 .018639/10 .542416 


10.523317|10.018677/10.541994 
10.522858/10.018715)"0.541573 
10.522399)/10.018753/10.541152 
10.521941]10.018791|10.540732 
10.521483)10.018829/10 .540312 
10.521025)10.018867/10.539892 
10.520568)10.018905|10 .539473 
10.520111|10.018943|10.539054 
10.519655'10.018981/10 .538636 
10.519199)10.019019)10 .538218 


10.518743|10.019058/10.537801| 9 


10.518288/10 .019096/10 .537384 
10.517833)10.019134)10.536968 
10.517379)10.019173)10.536552 
10.516925|10.019211|10.536136 
10.516471)10.019250|10.535721 
10.516018/10.019288)10.535306 
10.515565)10.019327|10.534802 
10.515113)10.019365|10.534478 
10.514661,10.019404'10 .534065 


~~ |Co-tan. Tang. | Co-sec.|Secant. 


59 
58 
57 


TABLE XXV. 


LOGARITHMIC SINES, TANGENTS, AND SECANTS. 


467585 
9.467996 
.468407 
465817 
469227 
- 469637 


10 |9.470046 


“Li |9.470455 


12 |9.470863 
13 |9.471271 
14 |9.471679 
15 |9.472086 
16 |9.472492 
17 |9.472898 
18 |9.473304 
19 |9.473710 


20 |9.474115 


.ATA519 
471923 
AT5327 
.475730 
476133 
476536 
{9.476938 
.477340 
‘477741 
.478142 
9.478542 
9.478942 
479342 
ATOTAL 
.480140 
480539) 
.480937! 
.481334 
.481731 
.482128} 


9.482921 

-4183316 
-483712 
- 484107 
-484501 
484895 
-485289 
.485682 


mM |Co-sine 


———_ 
a 


. 980247 
. 980208 


.980169 
. 980130 
.980091 
.980052 
.980012 
.979973 
.979934 
. 979895 
. 979855 
.979816 

. 979776 
979737 
. 979697 
.979658 
.979618 
.979579 
.979539 
.979499 
.979459 
.979420 
.979380 
.979340 
.979300 
. 979260 
.979220 
.979180 
.979140 
.979100 
.979059 
9.979019 
.978979 
.978939 
.978898 
.978858 
.978817 
978777 
978737 
.978696 
.978655 
978615 


onenvvuweoe& 


oo 


.978574 


978533 
- 978493 
.978452 
978411 
. 978370 
. 978329 
. 978288 
-978247 
- 978206 


Sine. 


eooeovevoruvrsose sooo e }. 


17 Degrees. 


Sine, |Diff.|Co-sine.| D. | Tang. |Difl| Co-tan. 


9.485339 
9.485791 
9.486242 
9.486693 
9.487143 
9.487593 
9.458043 
9.488492 
9.488941 
9.489390 
9.489838 


9.490286 
9.490733 
9.491180 
9.491627 
9.492073 
9.492519 
~ 9.492965 
9.493410 
9.493854 
9.494299 
9.494743 
9.495186 
9.495630 


9.496515 
9.496957 
9.497399 
9.497841 
9.498282 
9.498722 
9.499163 
9.499603 
9.500042 
9.590481 
9.500920 
9.501359 
9.501797 
9.502235 
9.502672 


.503546 
-503982 
-504418 
904854 
-505289 
.505724 
.506159 
.506593 
997027 
.907460 

.507893 
.508326 
.508759 
.509191 
.509622 
.510054 
.910485 
510916 
.511346 
.511776 


7) 
@ 


eoeononeeousccssonvussoeseseoos 


ie 9) 


9.496073 7 


9.503109| 


| \Co-tan. 


Secant. |Co-sec. 


10.514661)10 
10.514209:10 
10.513758/10 
10.513307/10 
10.512857|10 
10.512407|10 
10.511957|10 
10.511508)10 
10.511059/10 
10.510610)10 
10.510162)10 


10.509714/10 
10 .509267|10 
10.508820)10 
10.508373/10 
10.507927/10 
10.507481)10 
10.507635)10 
10 .506590)10 
10.506146/ 10 
10.505701/10 


10.505257/10 . 020224|10.525481 


10.504814|10 
10.504370}10 
10.503927|10 
10.503485|10 
10.503043|10 
10,502601|10 
10.502159]10 
10.501718|10 
10.501278|10 
10.500837|10 
10.500397 
10.499958 
10.499519 
10.499080 
10.498641 
10.498203 
10.497765 
10497328 
10.496891 
10.496454 
10.496018/10 
10.495582|10 
10.495146]10 
10.494711}10 
10.494276|10 
10.493841|10 
10.493407|10 
10 .492973/10 
10. 49254010 


10.492107/10 


10 
10 
10 
10 
10 
10 
10 
10 
19 


_ 


.021426]10.513533!  § 


10.491674/10 
10.491241)/10 
10 .490809)10 
10.490378|10 
110.489946/10 
10.489515/10 
10.489084/10 
10.488654|10 
10.488224)10 


Tang. |Co-sec.|Secant.| M 


.019404|10 .534065 
. 019442110 533652 
.019481]10.533239 
.019520!10 532827 
,019558|10 5632415 
.019597|10.532004 
.019636/10.531593 
.019675|10.531183 
.019714]10.530773 
.019753/10.530363 
.019792/10.529954 


.019831110.529545 


.019870/10 .529137 
.019909)10.528729 
.019948'10.525321 
.019988)10.527914 
. 020027110 .527508 
.020066/10 .527102 
-020105|10.526696 
-020145|10.526290 
.020184110.525885 


.020263)10.525077 
.020303)10 .524673 
.020342)10.524270 
.020382|10.523867 
.020421|10.523464 
- 020461 10 .523062 
.020501/10.522660 
.020541 110 .522259 
.0205°0)10.521858 


.020660/10.521058 
.020700/10.520658 
-020740/10.520259 
.025780)10.519860 
.020820/10.519461 
.020860|10.519063 
.920900/19 518606 
.O20941/16 518269 
.020981}10 517872 


10.021021110.537475 


-O21061/10.5170789 
.021102)10.516684 
.021142}10.516288 
.021183,10.515893 
.021223)10.515499 
.021263)10.515105 
.021304)10.514711 
.021345|10.514318 
.021385)10.513925 


- 021467 |10.513140 
.021507|10.512749 
.021546}10.512357 
.021589)10 .5 11966 
.021630)10.511576 
02167110 .511186 
-021712)10.510796 
021753110 .510467 
021794110 .510018 


M 


.020620/10.521458 


72 _Degrees. 


ee ne, 


128 


M 


9 
10° 
ain 
12 
13 
14 
15 
16 
7 
18 


27 
28 
29 | 


39 
31 


37 
oo 
$9 
4G 
4d 

42 
43 
44 
45 
AG 
47 
48 
49 
50 


1: 
52 
53 
54 
55 
56 
57 
58 
59 
60 


DAV Oe OH RD eH S| 


TABLE XXV. 


LOGARITHMIC SINES, TANGENTS, AND SECANTS, 


M | Sine. 


0 |9.489982 489982 
p. 490371 
I9 490759 
i9 491147 
'9 491535 
9.491922 
9.492308 
9.492695 
IO, 4939081 
9 493466 
9.498851 
9. 4942356 
9. AD1621 
9.495005 
9.495388 
9.495772 
9.496154 
9.496537 
9 496919 
9.497301 
9.497682 
§ .498064 
9.498144 
9.498825 
4 (9.499204 
9.499584 
9.499963 
9.590842 
“ 500721 

9.501099 
9 50LiT6 
9.501854 
9902231 
9.562607 
9.502984 
9 508369 
9.593735 
§ .594110 
Schepens 
9.504859 
40 19.595234 
§ 505608 
(9.505981 
9.506354 
9.506727 
9.507099 
9 5074171 
9.597843 
9.508214 
9.508585 
9.508956 
9.509326 
9.509696 
9.510065 
9.510434 
9.510803 
G 511172 
9.511549 
9.511907 
9.512275 
9.512642 


Diff. Co-sine.| D. | D.| Pan ‘Tang. |Diff| Co-tan.|Secant. |Co-sec. 


10. TSso34110.097 621794/10.510018 
10.487794/10.921835|10 .509629 
10.487365/10.021876/10.509241 
10.4869236)10.621917/10.508853 
10, 486507/10. 021958)10.508465 
10. 486079)10. . 021999)}19 508078 


“™w |Co-sine 


i 
ir 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


648 
648 
647 
646 
646 
645 
644 
644 
643 


“9.978206 
9.978165 
9.978124 
9.978083 
9.978042 
9.978001 
9.977959 
9.977915 
9.977877 
9.977835 
9.977794 


9.977752 


9.977711 
9.977669 
9.977628 
9.977586 
9.977544 
9.977503 
9.977461 
9.977419 
9.977377 


9.977335 
9.977293 
9.977251 
9.977209 
9.977167 
9.977125 
9.977083 
9.977041 
9.976999 
9.976957 


9.976914 


9.976872 
9.976830 
9.976787 
9.976745 
9.976702 
9.976660 
9.976617 
9.976574 
9.976532 


9.976459 


9.976446 
9.976404 
9.976361 
9.976318 
9.976275 
9.976232 
9.976189 
9.976146 
9.976103 


9.976060 


9.976017 
9.975974 
9.975930 
9.975887) 
9.975844 


9.975670, 


Sine. 


18 Degrees. 


9.511776 
9.512206 
9.512635 
9.513064 
9.513493 
9.513921 
9.514349 
as 514777 


716 
716 
715 
714 


10.485631}10. 
10.485223110 

10. pimps Hi 
10. 1484369110 .0 
10.483943]1 

TET 
10 ,483090)10 
10.482665/19 
10.482238/10 
J0.481815|10 
10.481395/10 
10.480966/10 
110.489542/19 


9.520305 
9.520728 
9.521151 
9.521573 
9.521995 
9.522417 
i9 522838 
9.523259 
9.523689 
9.524100 
9.524520 
9.524939 
9.525359 
9.525778 
9.526197 
9.526615 
9.527033 
Y 527451 
9.527868 
9.528285 
9.528702 
9.529119 
9.529535 
9.529950 
9.530366 
9.530781 
9.531196 
9 
9 
9 
9 


WN 
SS 
= SO 


29 N04 
Oooo 
nar : p) © rs eet bo be 


10.477162)10 
10.476741\10 


10.475906 
10.475480 
10.475061 
10.474641)10 
10.474222/19 
10.473863|10 
10.473385)10 
10.472967|10 
10.472549)10 
10 .472132|10 


10 
10 


10.471298/10. 


10.4708812110. 0235 
19 .470465)10. 
10.4706050/ 19 
y (10.469634)10 
10.469219]/10 


531611 

.532025 

.532439 
9.532853] 7. 
9.533266 
9.533679 
9.534092 
9.534504 
9.534916 
9.535328 
9 435739 
9.536150 
9.536561 
9.536972 


19.468359/10 


10.467561)10 
19.467147|10 


71 Degrees. 


023001 
02 


10.467975}10. 


022041)10.507692 
. 022082110 .507305 
92212310. 066019 

122165|10.506534 


10 
10. 
10. 
10. 


De. 2905 5G 


4: 


J.022206/10.506149 
022248110 
92229110 
.022331)10 
-022372)10 
.022414/10. 
U22456)/19. 
02249710. 
022539110 
10.4801L128)10.022581/10.502699 
10.479695)10 .022623)10.502318 
10 .479272/10 .022665)/10.591936 
10.478849)/10 .022707|10.501556 
10.478427/10 .022749)10.5901175 
10.478005|10.022791/19.500796 
10.477583|10 .022533|10 500416 
022875 
OFZ91L7 
10 .476320/10. 


905764 
505379 
501995 
504612 


594225 
503846 
503463 


.003081 


000037 


499658 
499279 
498901 


-498524 


10.023086|10.498146 
-OVBIZ8I10. 
023170110. 
0%3213]10 
.023255|10. 
.623298]10. 
.623340|10 
.023383|L0. 
10.471715|10. 


497769 
497393 


A97016 


496640 
496265 


4953890 


495515 


G23426/10. 495140 


023468)10. 


02351110. 
023554/10. 


.023596/10 
.023639)10 
-023682)10 
10.468804/10. 


023725|10 


02407 


494766 


494392 


494019 


- 493646 
.493273 
492901 
492529 
-O23765)/10. 
O23811}10. 
-U23854/10. 
.023897|10 
10, 466734|10.023940|10.490674| 9 
110.466321)10.025983/10. 490304 
10.465908)10.024026/10. 489935 
19.465496)10, 
10.465084/10 .024113)10 489197 
10. 4641672|10.024156]10. 488828 
19.464261)10.024200/10.488450 
16.463850/10 .0242.43]10 488093 
10 .463439)10 .024 286/10 .487725 
'10.463028110 .024330/10.487356 


| | ee o> ae 


492157 
491786 
491415 


-491044 


U0. 489566 


| M. 


“60 
59 
58 
57 
56 
55 
D4 
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52 
51 
59 
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41 
40 


“39, 
38 
37 
36 
35 
34 
33 
32 
31 
30 


“29 


238 
27 
26 
25 
24 
23 
22 
2] 
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17 
16 
15 
14 
13 
12 
11 
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TABLE XXV. 


LOGARITHMIC SINES, TANGENTS, AND SECANTS. 
19 Degrees. 


7 Sine. |Diff.|Co-sine.| D. | Tang. |Diif.| Co-tan. Secant. | Co-sec. 


9 |9.515930 
10 |9.516294 


11 |9.516657 
12 |9.517020 
13 |9.517382 
14 |9.517745 
15 {9.518107 
16 |9.518468 
17 |9.518829 
18 |9.519190 
19 |9.519551 
20 |9.519911 
21 |9.520271 
22 |9.520634 
23 |9.520990 
24 |9.521349 
25 {9.521707 
26 |9.522066 


9.522781 
9.523138 
39 19.523495 
31 |9.523852 
32 19.524208 
9.524564 


92525275 
9.525630 
9.525984 


9.526693 
40 9.527046 
41 (9.527400 
42 19.527753 
43 |9.528105 
44 |9.528458 
45 
16 |9.529161 
47 |9.529513 
48 |9.529864 
49 19.530215 
50 |9.530565 
51 |9.530915 
52 9.531265 


53 (9.531614) | 


54 /9.531963 
55 |9.532312 
56 |9.532661 
57 (9.533009 
58 (9.533357 
59 |9.533704 
60 9. 534052 


M o-sine 


27 52278] 


9.524920] | 


19.526339) | 


9.528810} ; 


612 
611 
611 


610. 


609 


9.975670 
- 975627 
- 975583 
. 975539 
- 975496 
- 975452 
-975408 


. 975321 
975277 
- 975233 


-975189 


~975145 
-975101 
- 975057 
-975013 
- 974969 
- 974925 
- 974880 
. 974836 
- 974792 


. 974748 


- 974703 
- 974659 
974614 
974570 
- 974525 
- 974181 
974436 
974391 
- 974347 


- 974302 


- 9741257 
-974212 
- 974167 
- 974122 
974977 
. 974032 
. 973987 
973912 
- 973897 
-973852 
. 973807 
.973751 
. 973716 
-973671 
- 973625 
-973580 
- 973535 
.9734189 
973444 


.973398 


-973352 
- 973307 
.973261 
973215 
. 973169 
973124 
-973078 
- 973032 
. 972986 


eoveeroeroerrursorcrroerrororroosoovr evseeocescoercC se osouvvrrororovrvorvrunverunovvuwnwoeoeo SLeoeooooeooe: 


Sine, 


- 975365). 


19 [9.536972 
9.537382 
9.537792 
9.538202 


9.539020 
9.539429 
9.539837 
9.540245 
9.540653 
9.541061 


9.541468 
9.541875 


9.543905 
9.544310 
9.544715 
9.545119 
9.545524 
9.545928 
9.546331 
9.546735 
9.547138 
9.547540 
9.547943 
9.548345 
9.548747 
9.549149 


9.549550 
9.549951 


9.542281 
9.542688 
9.550352 


Oe Gr ur} or wr 
m= Hen GO OO g 
wow 

pam em ple 
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56329 


9.560673 
9.561066) 


~ \Co-tan, tan) 


a 


M 


70 Degrees, 


10. 168038 10. 024330/i0.487358 
10.462615/10.024373)10.48C991 


10 .462208)10 .024417|10.486625) ; 
10.461798)19 .024461'10.486259) : 


10,.461389]10.024504/L0.485893 
10.460989/10. 024548] 10.485528 
10 .46057 1|10.024592/10.485163 
10.460163/10.024635/10.484798 
10.459755|10.024679|10.484434 
10.459347|10 .024723/10.484070 
10.458939)10 .024767|10.483706 

.458532/10.024811110.483343 
.458125/10 .024855/10.482980 
.457719/10 .024899|10.482618 
.457312|10.024943/10.482255 
.456996|10 .024987|10.481893 
-456501/10.025031/10.481532 
.456095/10.025075|10.481171 
.455699/10.025120/10. 480810 


-45458 1/10 .025208)10.450789 
-454476)10 .025252)10.479729 
»454072/10 .025297|10.479369 
-453669/10.02534 10.47 9010 
-453265/10.025356/10.47865 1 
-452862/10.025436|10.478293 
-452460}10.025475|10.477934 
-452057/10.025519|10.477576 
-451655/10.02556 {}10.477219 
-451253)/10.025609)10.476562 
-450851'10.025653|10.476505 


-450019/10 .025743)10.475792 
. 149618) 10.025788' 10. 475436 
-449248]10 .025833)10.475080 
-448845]10 .025878)10.474725 
.448445/10 .025923/10.474370 
.418048/19 .025968/10.474016 
.447649/10.026013/10.473661 
447250/19 0260950) 0.473307 
- 44635 1)10.026103)/10.472954 
-446452/10.026145/10.472600 
.446054/10.626193)10.472247 
-445656) 10 .026239)10.471895 
-445259)10 .026284/10.471542 
-444861)/10.026329/10.471190 
-444164/10. 026375) 0.470839 
-444067/19 .026420/10.470487 
-443671|10 .026465/10 .470136 
.443275/|10.026511|10 .469785 
-442879)10 .026556)/10 - 469435 


.442483/10. 02660210. 
-442087|10.026648/10 .468735 
.441692/10.026693)10 .468386 
-441298)10 .026739| 10 .468037 
-440903/10 .0267585/10. 467688 
- 440599110 .026531|10.467339 
-440115/10 .026876)10.466991 
.439721)}10 .026922)10.466643 
.439327|10.026965)10.466296 
435934110 027014/10.465948 


Tang. | C |Co-sec. Secant. 
R 


I: 


-455285|10.025164)10.450449) . 


.450450/10. 025698|10.476148| 9 


469085] 


PG 
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TABLE XXV. 
LOGARITHMIC SINES, TANGENTS, AND SECANTS. 


20 Degrees. 


“M| Sine. |Diff.|Co-sine.| D.| Tang. |Diff.| Co-tan.|Secant. | Co-sec.| M 
9.561066 


— 
SCeEONanr wn = © 


11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
3] 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 


M 


9.534052 
9.534399 
9.534745 
9.535092 
9.535438 
9.535783 
9.536129 
9.536474 
9.536818 
9.537163 
9.537507 
9.537851 
9.538194 
9.538538 
9.538880 
9.539223 
9.539565 
9.539907 
9.540219 
9.540599 
9.540931 
9.541272 
9.511613 


9.541953] | 


9.542293 
9.542632 
9.542971 
9.543310 


9.543649] | 


9.543987 
9.544325 
9.544663 
9.545000 


9.545338] * 


9.546011 
9.546347 
9.546683 


9.547689 
9.548024 
9.548359 
9.548693 
9.549027 
9.549360 
9.549693 
9.550026 
9.550359 
9.550692 
9.551024 


9.551356 
9.551687 
9.552018 
9.552349 
9.552680 
9.553010 
9.553341 
9.553670 

-554000 

-554329 


Co-sine 


a at SE oma 


578 
577 


ee ee ee ee 


9.972986 


9.972940 
9.972894 
9.972848 
9.972802 
9.972755 
9.972709 
9.972663 
9.972617 
9.972570 
9.972524 


9.972478 


9.972431 
9.972385 
9.972338 
9.972291 
9.972245 
9.972198 
9.972151 
9.972105 
9.972058 


9.972011 


9.971964 
9.971917 
9.971870 
9.971823 


9.970827 
9.970779 


, 9.970731 


9.970683 
9.970635 


9.970586 


9.970538 
9.970190 
9.970442 
9.970394 
9.970345 
9.970297 
9.970249 
9.970200 
9.970152 


9.561459 
9.561851 
9.562244 
9.562636 
9.563028 
9.563419 
9.563811 
9.564202 
9.564592 
9.564983 


9.565373 
9.565763 
9.566153 
9.566542 
9.566932 
9.567320 
9.567709 
9.568098 
9.568486 
9.568873 
9.569261 
9.569648 
9.570035 
9.570422 
9.570809 
9.571195 
9.571581 
9.571967 
9.572352 
9.572738 


9.573123 
9.573507 
9.573892 
9.574276 
9.574660 
9.575044 
9.575427 
9.575810 
9.576193 
9.576576 
9.576958 
9.577341 
9.577723 
9.578104 
9.578486 
9.578867 
9.579248 
9.579629 
9.580009 
9.580389 
-580769 
581149 
581528 
581907 
.582286| 
582665) 
583043 
583422 
.583800 
584177 


69 Degrees. 


655 
654 


10.438934/10.027014/10.465948 
10 .438541/10.027060|10.465601 
10.438149]/10.027106/10.465255 
10.437756|10.027152|/10.464908 
10.437364|10.027198]10.464562 
10.436972|10.027245|10.464217 
10.436581/10.027291]10.463871 
10.436189|10.027337|10.463526 
10.435798/10.027283}10.463182} : 
10.435408/10.027430|10.462837 
10.435017|10.027476|10.462493 
10.434627/10.027522|10.462149 
10.434237/10.027569/10.461806 
10.433847|10.027615|10.461462 
10.433458/L0.027662]10.461120 
10.433068/10.027709/10.460777 
10.432680/10.027755/10. 460435 
10.432291/10.027802/10.460093 
.431902|10.027849|10.459751 
.431514/10.027895/10. 459410 
.431127|10.027942]10.459069 
.430739)10.027989/10.458728 
.430352/10.028036/19. 458387 
.429965|19 .028083110. 458047). 
.429578|10.028130110.457707 
-429191/10.028177|10.457368 
.428805|10.028224|10.457029 
10,.428419)10.028271/10.456690 
10.428033/10.028318|10.456351 
10.427648]10 .028365|10.456013 
10.427262/10 .028412]10.455675 
10.426877|10.028460/10.455337| 29 
10.426493/10.028507|10.455000 
10.426108]10.028554/10. 4154662) - 
10 .425724|10.028602]10. 454326 
10.425340|10.028619]10.453989 
10.424956/10.028697|10. 453653 
10.424573|10.028744|10.453317 
10.424190/10.028792]10.452981 
10.423807/10.028839]10.452646 
10.423424)10.028887|10.452311 
10.4123042/10.028934|10.451976 
10.422659/10.028982]10.451641 
10.422277]10.029030|10.451307 
10.421896/10.029078|10.450973 
10.421514/10.029126|10. 450640 
10.421133]10.029173/10.450307 
10.420752|/10.029221/10.449974 
10.420371]10.029269]10.449641 
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TABLE XXV, 


LOGARITHMIC SINES, TANGENTS, AND SECANTS. 


9.555971 
9.556299 


9.559234 
9.559558 
9.559883 
9.560207 
9.560531 
9.560855 


21 |9.561178 


30 


31 


32 
33 
34 
35 


52 
53 
54 
55 
56 
57 
58 
59 
60 


M_ 


9.561501 
9.561824 
9.562146 
9.562168 


(9.562790). 


9.563112 
9.563433 

-563755 
9.564075 


9.569804 
9.570120 
9.570435 

7570751 
9.571066 
9.571380 
9.571695 
9.572009 
9 572323 
9.572636 
9.572950 
9.573263 
9.573575 
Co-sine 


9.970152 
9.970103 
9.970055 
9.970006 
9.969957 
9.969909 
9.969860 
9.969511 
9.969762 
9.969714 
9.969665 


9.969616 


9.969567 
9.969518 
9.969469 
9.969420 
9.969370 
9.969321 
9.969272 
9.969223 
9.969173 


9.969124 


9.969075 
9.969025 
9.968976 
9.968926 
9.968877 
9.968827 
9.968777 
9.968728 


9.968678 


- 968178 


. 968128 


- 968078 
- 968027 
- 967977 
- 967927 
. 967876 
. 967826 
- 967775 
. 967725 
. 967674 


. 967624 


. 967573 
- 967522 
. 967471 
. 967421 
. 967370 


- 967319} 


. 967268 
- 967217 
. 967166 


21 ae 


9.601296 
9.601662 
9.602029 
9.602395 
9.602761 
9.603127 
9.603493 
9.603858 
9.601223 
9.604588 
9.604953 
9.605317 
9.605682 
9.606046 
9.606410 


Co-tan.| 


68 Degrees. 


10.413935/10.030091/10. 
10.413561/10.030140/10. 
10.413185/10.030189)}10. 
10.412810}10.03023S)10. 
10.412434/10.030286/10. 
10.412059/10.030335;10. 


10.411634}10.030384]10. 
10.411309/10.030433]10. 


10.4053 44/10 .031223/10.436567 
10 .4014973)10.031272/10.4362145 
10.40 $602)10 .031322/10 .435925 


131 


10.404232|)10.031372|10.435604 


10.103862|10.031422)10,435284 
10 .403492|10.031472)10.434961 
10 .403122/10.0631521|10.434644 
10.402753)10.031571}10.434324 
10.40238.4]10.031621/10.434005 


reel 


= 


132 


= 


TABLE XXV. 
LOGARITHMIC SINES, TANGENTS, AND SECANTS. 


——— 


z 


Sine. 


_ 
SCHOMNOAATRHWON HS SO 


| > _ |_|  — —_ |) | | 


1 (9.580085 


9.573575 
9.573888 
9.574200 
9.574512 
9.574824 
9.575136 
9.575447 
9.575758 


‘19.576069 


9.576689 


9.576379 
[9.576999 
9.577309 
9.577618 
9.577927 
9.578236 
(9.578545 
9.578853 
9.579162 
‘9.579470 
‘9.579777 


-580392 
. 580699 
-581005 


581618 
.581924 
. 982229 
-582535 


-583145 
- 583449 


Oooeseescososs 


-584058 
584361 
584665 
.584968 
- 985272 
085574 
.585877 


9.586179 


Oooeeeos 


© 


.5$1312| | 


.582840| | 


583754) 5 


22 Degrees. 


Diff.|Co-sine.| D. | Tang. |Diff.| Co-tan. |Secant. | Co-sec. 


ee ee ee ee ee ee 


10 .393590/10 .032834|10.426425 
10.393227/10.032885/10.426112 
10.392863)/10.032936)10. 425800 


9.967166 
9.967115 
9.967064 
9.967013 
9.966961 
9.966910 
9.966859 
9.966808 
9.966756 
9.966705 
9.966653 


9.966602 
9.966550 
9.966499 
9.966447 
9.966395 
9.966344 
9.966292 
9.966240 
9.966188 
9.966136 
9.966085 
9.966033 
9.965951 
9.965929 
9.965876 
9.965824 
9.965772 
9.965720 
9.965668 
9.965615 


9.965563 
9.965511 
9.965458 
9.965406 
9.965353 
9.965301 
9.965248 
9.965195 
9.965143 
9.965090 


9.965037 


9.964984 
9.964931 
9.961879 
9.964826 
9.964773 
9.964720 
9.964666 
9.961613 
9.964560 


9.964507 


9.964454 
9.964400 
9.964347 
9.964294 
9.964240 
9.964187 
9.964133 
9.964080 
9.964026 


Sine. 


9.606773 
9.607137 
9.607500 
9.607863 
9.608225 
9.608588 
9.608950 
9.609312 
9.609674 
9.610036 


9.610397 
9.610759 
9.611120 
9.611480 
9.611841 
9.612201 
9.612561 
9.612921 
9.613281 
9.613641 


9.614000 
9.614359 
9.614718 
9.615077 
9.615435 
9.615793 
9.616151 
9.616509 
9.616867 
9.617224 


9.617582 
9.617939 
9.618295 
9.618652 
9.619008 
9.619364 
9.619721 
9.620076 
9.620432 
‘9.620787 


9.621142 
9.621497 
9.621852 
9.622207 
9.622561 
9.622915 
9.623269 
9.623623 
9.623976 
9.624330 


9.624683 
9.625036 
9.625388 
9.625741 
9.626093 
9.626445 
9.626797 
9.627149 
9.627501 
9.627852 


Co-tan. 


10.392500)10 .032987/|10.42548 


10.390326/10 .033295|10. 423621 


10.359964/10 .033347}10.423311 


10.387799}10.033656/10.421455 
10.387439)/10 .033708/10.421147 
10.387079)10.033760)10.420838 
10.386719)10.033812/10. 420530 
10.386359/10 .033864/10 .420223 


10.356000/10.633915'10.419915 


10 .385641/10 . 033967 
10.385282/10.034019 


10.419608 
10.419301 


10.364923/10.034071)10.418995 


10.382776/10 .034385/10.417160 


—— 


10.382418|10.034437/10.416855 
10.382061|10.034489|10.416551 


)10.381705/10.034542)10.416246 
10.381348/10.034594|10.415942 
10.380992)/10.034647/10.415639 


10.380636)L0 .034699/10.415335 


10.380279/10.034752)10.415032 
10.379924/10.034805/10. 414728 
10.379568)/10 .034857/10.414426 


10.379213)10.034910/10.414123 


10.378858/10.034963/10.413621 
10 .378503/10.035016)10.413518 
10.378148)/10 .035069)10.413217 
10.377793)10.035121/10.412915 
10.377439)10.035174|10.412614 


10.377085)10 .035227/10.412312 
10.376731/10.035280/10.412011 
10.376377/10.035334/10.411711 


10.376024/10 .035387/10.411410 
10.375670)10.035440/10.411110 


10.375317/10.035493/10.41081 


10.372148|10.035974 


Tang. |Co-sec. 


10.408122 


sient sa nsl| 


= 


67 Degrees. 


i 


SONAR WON KH © 


TABLE XXV., 


LOGARITHMIC SINES, TANGENTS, AND SECANTS. 


9.591875 
9.592176 
9.592473 
9.592770 
9.593067 
9.593363 
9.593659 
9.593955 
9.594251 
9.594547 


9.595727 
9.596021 
9.596315 
9.596609 
9.596903 
9.597196 
9.597490 
9.597783 


9.598075 


9.595368 
9.598660 
9.595952 
9.599244 
9.599536 
9.599827 
9.600118 
9.600409 


9.600700 4 


9.600990 
.601280 
.601570 
1.601860 
9.602150 
602439 
.602728 
9.603017 
603305 
603594 
9.603882 
9.604170 
9.604457 


9.604745). 


9.605032 


9.605319} - 


9.605606 
9 -605892| 
9.606179 
9.606165 
9.606751 
9.607036 
9.607322 


9.608745 
9.609029 
B. sical 


9.594842 
9.595137) 4 
9.595432 


9.963434 


9.963379 
9.963325 
9.963271 
9.963217 
9.963163 
9.963105 
9.963054 
9.962999 
9.962945 


9.962899 


9.962836 
9.962781 
9.962727 
9.962672 
9.962617 
9.962562 
9.962508 
9.962453 
9.962398 


9.962343 


9.962288 
9.962233 
9.962178 
9.962123 
9.962067 
9.962012 
9.961957 
9.961902 
9.961846 


9.961791 


9.961735 
9.961680 
9.961624 
9.961569 
9.961513 
9.961458 
9.961402 
9.961346 
9.961290 


9.961235 


9.961179 
9.961123 
9.961067 
9.961011 
9.960955 
9.960899 
9.960843 
9.960786 
9. poe thas 


23 Degrees. 
| Sine. [Diff.|Co-sine] D. Tang. |Diff.| Co-tan.|Secant. | Co-sec. 


9.627852 


9.628905 
9.629255 
9.629606 
9.629956 
9.630306 
9.630656 
9.631005 
9.631355 
9.631794 
9.682053 
9.632401 
9.632750 
9.633098 
9.633447 
9.633795 
9.634143 
9.634490 
9.634835 


9.635185 
9.635532 


9.635879 


9.636226 
9.636572 
9.636919 
9.637265 
9.637611 
9.637956 
9.635302 
9.638647 
9.638992 
9.639337 
9.639682 
9.640027 
9.640371 
9.640716 
9.641060 
9.641404 
9.641747 


9.642091 
9.642434 


9.642777| ° 


9.643120 
9.643463 
9.643806 
9.644148 


9.644490 


9.644832 
9.645174 


9.645516 

645857 
9.646199 
9.646540 
9.646881 
9.647222 
9.647562 
9.647903 
9.648243 
9.648583 


66 ice 


10.372148|10.035974)10.408122 
10.371797|10.036028]10.407824 
10.371446)10.0360851}10.407527 
10.371095/10.036135/10.407230 
10.370745|10.036189/10.406933 
10.370394)10.036243)10.406637 
10.370044)10.036296/10. 406341 
10.369694|10.036350|10.406045 
10.369344|10.036404/10.405749 
10.368995/10.036458/10.405453 
10.368645|10.036512/10.405158 


10.368296)10.036566)10.404863 
10.367947|10.036621/10.404568 
10.367599)10 .036675|10.404273 
10.367250)10.056729|10.403979 
10.366902)10.036783)10.403685 
10.366553/10 .036837|10.403391 
10.366205/10.036892/10. 403097 
10.365857|16.036946|10.402804 
10.365510/10.037001|10 .402510 
10.365162)10.037055|10.402217 


10.364815/10.037110|10.401925 
10 .364468]10.037164|10.401632 
10 .364121|10.037219|10.401340 


10.362389110.037492/10.399882 
10 .362044/10.037547|10.399591 
10.361698/10.037602/10.399300 


10.361353)10.037657|10. 399010 


10.359973)10.037877|/10.397850 
10.359629]10.037933)10.397561 
10.359284)10.037988)10. 
10.358940)10.038043/10. 
10.358596|10.038098)/10. 
10 .358253/10.038154/10. 


10.357909|10.038209/10. 
10 .357566/10.038265/10. 
10.357223)10.038320)10. 
10.356880)10.038376]10. 
10.356537|10.0388431|10. 
10.356194)10.038487)10. 
10.355852/10.038542)10. 
10.3555101!10.038598)10. 
10.355168|10.038654/10.393821 
10.354826)10.038710)10.393535 


10.354484/10.038765/10.393249 


10.353460|10.038933/10.392393 
10.353119|10.038989/10 .392108 
10.352778)10 .039045/10.391823 
10.352438|10.039101/10.391539 
10.352097|10.039157/10.391255 
10.351757|10.039214/10.390971 
a: bhi de |e 039270/10. 390687! 


133 


M 
60 
59 
58 
57 
56 
95 


53 


134 


=| 


SANA RWN HO 


TABLE XXV. 
LOGARITHMIC SINES, TANGENTS, AND SECANTS, 


24 aoe 


“mw | Sine. |Diff./Co-sine.| D. 


9.609313 
9.609597 
9.609880 
9.610164 
9.610447 
9.610729 
9.611012 
9.611294 
9.611576 
9.611858 
9.612140 


9.612421 
9.612702 
9.612983 
9.613264 
9.613545 
9.613825 
9.614105 
9.614385 
9.614665 
9.614944 
9.615223 
9.615502 
9.615781 


9.616060; | 


9.616338 
9.616616 
9.616594 


9.617172) 47, 


“618004 
618281 
.618558 
.618834 
.619110 
.619386 
-619662 
.619938 
.620213 
9.620488 


ORR re poe ee oe 


9.620763 


9.621038 
9.621313 
9.621587 
9.621561 


9.622956 
9.623229 


9.623502 


‘9.623774 
9.624047 
9.624319 
9.624591 
9.624863 
9.625135 
9.625406 
9.625677 
60 9. CESS 


. 958792 
958734 
9° 8677 
-958619 
958561 
958503 
.958445 
9.958387 
. 958329 
.958271 
.958213 
.958154 
958096 
.958038 
.957979 
.957921 
.957863 
. 957804 
-957746 
-957687 
-957628 
.957570 
957511 
-957452 
-957393 
.957335 
.957276 


Sine, 


eeooceroovrr se; oeoseoreecuose CoSsooooosS 


648923 
).649263 


“659319 
.652650 
9.652988 
.653326 
- 653663 
-651000 
9.654337] , 
. 654674 
.655011 
.655348 


.655684 
.656020) - 
9.656356 
.656692 
.657028 
.657364 
.657699 
.658034 
9.658369] ~~ 
.658704 


9.662043 
9.662376 
9.662709] ~~ 
9.663042 
.663375| , 
.663707 
.664039 
.664371 
.664703} , 
.665035 
. 665366 
.665697 
.666029 
.666360 
.666691 
.667021 
.667352 
.667682 
.668013 
.668343 
.668672 


65 Degrees. 


‘tio. 35141710. 930370|10. 390687 
10.351077)10.039326)10.390403 
10.350737)10 .039382)10.390120 
10.350295)/10.039 {39]10.389836 
10,350058)10.039495/10 359553 
10.349719]10.039552|10.359271 
10.349380)10.039608/10.388988 


10.348026/10.039535/10.387860 
10.347688/10.039891]10.387579 
10.347350/10.039948/10.387295 
10.347012/10.010005|10.387017 
10.346674|10.040062/10 .386736 
10.346337/10.040118/10.386455 
10.346000)10.040175/10.386175 
10.345663)/ 10 .040232/10.385895 
10.345326)10.040289}10.385615 
10.344989}10.040346]10.355335 
10.344652)10.040404/10 .385056 
19.344316}10.0410461|10.384777 
10 .343980/10.040518/10.384495 
10 .343644/10.040575/10.384219 


10 .343308)10.040632/10.353940| 36 


10 .3.42972)10.040690}10.353662 
10.342636/10.040747|1L0.383384 
10.342301/10.040805/10.383106 
10.341966/10.0140862/10.38282s 
10.341631/10.040919]10.382550 
10.341296)10 .040977|10.352273 
10.340961/10.041035/10.381996 
10.340627/10.041092/10.381719 
10.340292}10.041150/10.381442 
10.339958/10.041208)10.381166 
10.339624/10.041266)10.380890 
10.339290)10.041323/10.380614 
10.338957|10.041381/10.380335 
10.338623)10.041439]10.380062 
10.338290/10.041497|10.379787 
10.337957|10.041555|10.379512 
10.337624/10.041613|10.3/9237 
10.337291/10.041671|10.378962 
10.336958]10 .041729]10.378687 
10.336625/10.041787|10.378413 
10.336293/10.041846/10.378139 
10.335961)10.041904/10.377865 
10.335629|10.041962/10.377591 
10.335297/10.042021|10.377318 
10.334965/10.04207¢/10.377044 
10.334634/10. 10.042137/10. 376771 


10.334303|10.042196|10. 376498 
10.333971|10 .042254/10.376226 
10.333640|10.042313/10.375953 
J0.333309/10.042372/10.375681 
10.332979/10.042430/10.375409 
10.332648/10.042489/10.375137 
10.332318)10.042548]10.374865 
10.331987/|10.042607}10.374594 
10.331657/10 .042665]10.374323 
10.331325/10.042724/10.374052 


Tang. |Co-sec.|Secant. 


a 


eR RS EE ESS 


M 
0 | -, | 9.957276 
1 | me 9.957217 
2 451 | 9:957158 
3 450 | 9957099 
4 450 | 2:957040 
5 450 | 2°956981 
6 449 | 9:956921 
7 149 | 9-956862 
8 449 | 2°956803 
9 44g | 9°956744 
10 44g [22296684 
ip 447 | 9-956625 
12 147 | 9-956566 
13 447 | 2°956506 
14 146 | 9°956447 
15 146 | 2°956387 
16 14g | 9956327 
17 146 | 9956268 
18 445 | 9+956208 
19 445 | 9-956148 
20 445 |2:956089 
“21 |9.631593| 444 | 9.956029 
22 444 | 9:955969 
23 444 | 9-955909 
24 443 | 9°955849 
25 443 | 9+955789 
26 443 | 9-955729 
27 442 | 9-955669 
28 449 | 9-955609 
29 449 9.955548 
30° 441 9.955488 
31 441 | 9-955428 
32 440 | 9-955368 
33 440 | 2+955307 
34 440 | 9:955247 
35 439 | 9-955186 
36 439 | 9-955126 
37 439 | 9-955065 
38 438 | 9+955005 
39 438 | 9-954944 
40 438 |2:954883 
41 437 | 9-954823 
42 437 | 2-954762 
43 437 | 9:954701 
44 437 | 2-954640 
45 136 | 2-954579 
46 436 | 9-954518 
47 436 | 9°954457 
48 435 | 9:954396 
49 435 | 9°954335 
50 435 [22954274 
an. 434 9.954213 
52 434 | 9°994152 
53 434 | 9-954090 
54 133 | 9-934029 
55 433 | 2-953968 
56 433 | 9-953906 
57 439. | 9+953845 
58 |9. 439 | 9°953783 
59 |9.641583| 435 | 9-953722 
60 |9.641842! 9.953660 
M |Co-sine Sine. 


TABLE XXV. 
LOGARITHMIC SINES, TANGENTS, AND SECANTS. 


25 Degrees. 


9.668673 
9.669002 
98/9 669332 
gg|? -669661 
oa|9-669991 
9.670320 
9.670619 
9.670977 
9.671306 
9.671634 
,|9 «671963 


9.672291 


98 
98 


9.672947 
9.673274 
9.673602 
9.673929 
9.674257 
9.674584 
9.674910 
9.675237 
9.675564 
9.675890 
9.676217 
9.676543 
9.676869 
9.677194 
9.677520 
9.677846 
9.678171 
9.678496 


9.678821 
1)1'9.679146 
101/92: 979471 
10119 679795 
101|2° 080120 
10127880444 
101|2 080768 


100 
100 
100 


101 


102),,° 
109|22 984968 


5|9 -685290 


103 
Co-tan. 


9.672619] ; 


9.681092| ° 


et | ee | ef —— 


64 Degrees. 


10.331327|10.042724/10.374052 
10.330998/10.042783/10.373781 
10.330668/10.042842/10.373510 
10.330339)10.042901/10.373240 
10.330009)10 .042960/10.372970 
10.329680/10.043019/10.372700 
10.329351|10.043079/10.372430 
10.329023/10.043138/10.372160 
10.328694/10.043197/10.371891 
10.328366/10.043256/10.371622 
10.328037|10.043316/10.371353 


10.327709 
10.327381 
10.327053 
10.326726 
10.326398 


10.043434/10.370815 
10.043494)10.370547 
10.043553/10.370279 
10.043613/10.370011 
10.326071/10.043673/10.369743 
10.325743/10 .043732/10.369476 
10.325416)10.043792/10.369208 
10.325090)10.043852/10.368941 
10.324763)10.043911/10.368674 
10.324436)10.043971/10.368407 
10.324110)10.041031)10.368141 
10.323783/10.044091110.367875 
10.323457/10.044151|10.367608 
10.323131/10.044211/10.367342 
10.3822806/10.044271|10.367077 
10 .322450/10.044331/10.366811 
10.322154/10.044391|10.366546 
10.321829)10.044452/10.366281 
10.321504/10.044512/10.366016 


10.043375|10.371084 


40 


39 
38 
37 
36 
5 
34 
33 
3? 
31 
30 


is) 


10.321179/10.044572/10.365751| 29 


10.320854/10.044632/10.365486 
10.320529/10 .044693/10.365222 


‘10 .320205/10.044753/10.364958 


10.319880)10.044814]10.364694 
10.319556/10.044874/10.36 1430 
10.319232|10.044935|10.364166 
10.318908/10 .044995/10.363903 
10.318584)10 .045056)/10.363640 
10.318260/10 .045117|10.363377 


28 
27 
26 
25 
24 
23 
22 
2) 
20 


10.317937|10.045177/10.363114| 19 


10.317613)10.045238/10.362852 
10.317290)10.045299/10.362589 
10.316967/10 .045360/10.362327 
10.316644|10.045421|10.362065 
10.316321/10.045482/10.361803 
10.315999}10 . 045543/10.361542 
10.315676/10 .015604/10.361280 
10.315354/10.045665/10.361019 
10.315032/10.045726¢/10.360758 


10.314710|10.045757|10.360197| 9 


10.314388)10 .04584¢/10 .360236 
10.314066)10.045910}10.359976 
10.313745|10.045971]10.3597 16 
10.313423)10.046032/10.3594156 
10.313102|10.046094/10 .359196 
10.312781|10.046155|10.355936 
10.312460)10.016217|10.358676 
10.312139)10.046275|10.358417 
10.311818)10.0416340)10.358158 


18 
17 
16 
15 
14 
13 
12 
11 
10 


LOGARITHMIC SINES, TANGENTS, AND SECANTS. 


63 Degrees. 


10.311818)10.046340/10.358158 
10.311498)10.046401]10.357899 
10.311177|10 .046463]10.357640 
10.310857/10.046525)10.357382 


10.310537/10.046587}10.357123)| 5 
10.310217|10.046648| 10.356865) ! 


10.309597|10 .046710}10 .356607 


10.309577/10.046772/10.356350) 5 


| D.| ‘Pang. | Diff.) Co-tan. |Secant. |Co-sec. | M_ 


10.398300/10.047020]10.355320 


10.307981)10.047082)10.355064 
10.3097662/10.047145)10.354807 
10.307344/10. 047207110 .354550 
10.307025|10.047269)10 .354294 
10.396707|10.047331)10 .354038 
10.306388)10.047394|10.353752 
10.306070)10.047456)/10.353526 
10.305752!10 .047519|10.353271 
10.305434/10.047581/10.353016 


10.302264/10 .048209 10.350473 


30 


10.301947/10.045272|10.350219| 29° 


10.301631|10.048335/10 .349966 
10.301315!10.048398/10.349713 
10.300999/10.048461/10.349461 
16.300684|10 .048524/10.349208 
10.300368)10.048588)/10.348956 
10.300053)/10.048651/10.348703 
10 .299737|10.048714}10.348451 
10. 299422/10.048778/10.348200 
10.299107 
10.298792 
10.295477/10.048968)10.347445 
10.208163)10 .049032)10.347194 
10. 297848) 10.019093)10 .346943 
10.297534/10 .049159/10.346692 
10.297220)10.049222|10.346442 
10 .296905)10 .049256) 10 .346192 
10.296591)10.049350)10.345941 
10.296277|10.049414/10.345691 
10.295964|10 .049478)10.345442 


= 
fo) 
w 
o 
wr 
= 
— 
~ 
— 
So 
= 
~j 
i=?) 
Hem 
wee 
—! 
— 
ow 
or 
i) 
a 
Q 
i) 


10.048841/10.347948 


28 
27 
26 
25 
24 
23 
22 
2] 
20 


10.048904|10.347696| 19 


18 
17 
16 
15 


10. 295650|10 .049542/10.345192 
10.295337|10 . 049606) 10 .344942 
10. 295023/10 .049670)10 .344693 
10.294710/10.049734/10.344444 
10.294397/10.049798/10.344195 
10 .294084/10.049862/10.343946 
10 .293772/10 .049926)10 .343698 
10.293459|10.049990/10.343449 
10.293146)10.050055/10.343201 
10.292834/10.050119]10.342953 


136 TABLE XXY,. 
26 Degrees. 
M | Sine. Diff.|Co-sine, 
@ (9.641842 9.953660 9.688152 
1 |9.642101 eo 9.953599 1039. 688902 ey 
2 |9.642360| 45, | 9.953537] 194/9-688823) 534 
3 |9.612618] 435 | 9-953475] 13/9.689143) 534 
4 |9.612877] 435 | 9-953413] | ,5/9-689463) 533 
5 |9.643135| 455 | 9-953352] 5 55/9.689783] 259 
6 |9.643393| 435 | 9.953290] 153/9-690103] 525 
7 |9.613650| 459 | 9-953228] 5 95|9-690423] -35 
§ |9.643908| Jog | 9-953166] j53|9-690742| 535 
9 lb 64t165 429 | 9-953104] 593/9-691062| 555 
10 [9.644423] 454 |_ 9.953042] | ,2|9-691381) 225 
“LL |9.644680 428 | 9-952980| 59 4|9-691700} 3) 
12 |9.644936| 45g | 9.952918] 19 4|9-692019| 533 
13 |9.645193| 457 | 9.952855) | ),/9.692338) 23) 
14 |9.645450) 457 | 9.952793] | 5 4|9-692656] 52) 
15 |9.645706| 457 | 9-952731] 5 94|9-692975| <3) 
16 |9.645962| 456 | 9-952669| 5, 4/9-693293] 535 
17 |9.646218| 455 | 9-952606] 1, ;|/9-693612) £34 
18 9.646174] 456 | 9.952544] | 9 4/9-693930} 5 
19 |9.646729] 455 | 9.952481] 5 5 4|9-694248] <2 
|| 20 |9.646984| (5. | 9.952419 | (9.694566) = 5, 
“RIT |9.647240) 455 | 9.952356] 59 4/9-694883) og 
22 |9.647494| 454 | 9.952294] |, ,|9.695201) <55 
23 |9.647749] yo4 | 9.952231] 59 4/9-695518| 559 
24 |9.648004| 494 | 9.952168] | )-|9.695836] <9 
25 |9.648258| 44 | 9.952106] 5 5-/9.696153| 555 
26 |9.648512| 453 | 9.952043] | 52|9.696470| 756 
27 |9.648766| 453 | 9.951980] |, )2|9-696787| <55 
28 |9.649020| 453 | 9.951917 : 
29 |9.649274] 459 | 9.951854 
30 9.649527] 455 | 9.951791 
“81 (9.649781 goo | 9.961728 
32 |9.650034] 455 | 9.951665 
33 |9.650287| 45, | 9.95160: 
34 |9.650539| 49) | 9.951539 
35 |9.650792I 45, | 9.951476 
36 |9.651044! 45 | 9.951412 
87 |9.651297| 459 | 9.951349 
38 |9.651549| 459 | 9.951286 
39 |9.651800| 419 we 
40 |9.652052] 455 e115 
AI |9.652304) 419 | 9.951096 
eg per Betta 
re Uibasker oe ln cocuoes 
nt yocbecogd BT 
45 |9.653308| 41, | 9.950841 
46 |9.653558] 417 | 9.950778 
47 |9.653808] 4)7 | 9-950714 
49 |9.654309) 41g Beene 
Red li senna 416 ¢ Be 
|| 51 (9.654808) 416 | 9.950458 
52 |9.655058| 435 | 9.950394 
53 |9.655307| 4), | 9.950330 
54 |9.655556| 415 9.950266 
ra ipeene Pet iaP ire cTs 
57 19.656302| 4/4 | 9.950074 
=e 414 | %: 
58 |9.656551) 414 | 9-950010 
59 |9.656799| 444 | 9.949945 
60 |9.657047 9.949881) —* 
M |!Co-sine Sine. 


——_————_—— —}.—~—— 


TABLE XXV. 
LOGARITHMIC SINES, TANGENTS, AND SECANTS 


27 Degrees. 


D.| Tang. | Diff.| Co-tan.|Secant.|Co-sec. | M 


0 (9.657047 107|9°707166| 5 |10.292834]] 0. 050119|10.342953| 60 
1 |9.657295 107/2°707478| 259 |[10.292522/10.050184|10.342705) 59 
2 [9.657542 107|2°707790| 250 |10.292210|10,050248/10.342458) 58 
3 |9.657790 108 2° 708102) 259 |10.291898|10.050312/10.342210| 57 
4 |9.658037 198|9° 708414) 24 |10.291586|10.050377]10.341963) 56 
5 |9.658284 10gi2* 798726] yy |L0.291274/10,050442/10.341716) 55 
6 |9.658531 198|9°709037| 49 [10.290963|10.050506|10.341469| 54 
7 |9.658778 10g|2*709349| 239 |10.29065 1/10 .050571/10.341222) 53 
8 |9.659025 1032 *709660| 539 |10.290340/10.050636|10.340975 52 
9 |9.659271 ; 108197709971] 49 |10.290029}10.050700/10.340729/ 51 
10 |9.659517 108 9710282) 45 |10-289718|10.050765|10.340483) 50_ 
11 |9.659763 * 19g|9-710593| 534 |10-289407/10.050830|10.340237) 49 
12 |9.660009 19g|9*710904} £44 |L0.289096/10.050895|10.339991| 48 
13 |9.660255 10g2*711215| 544 |L0-288785|10.050960|10.339745) 47 
14 |9.660501 10g2* 711525] 247 |10.288475]10.051025/10.339499) 46 
15 |9.660746 1082" 711836] 217 |10.288164)10.051090|10.339254) 45 
16 |9.660991 10g|2° 722146 237 [10.287854]10.051155|10.339009| 44 
17 |9.661236 1999°712456| £37 |10.287544/10.051220|10.338764) 43 
18 (9.661481 1999°712766| 236 |10-287234/10.051285|10.338519) 42 
19 |9.661726 1992713076) 216 |10.286924]10.051350|10.338274] 41 
20 |9.661970 109 02713386) 544 |10-286614|10.051416]10.338030] 40 
21 (9.6622 1999713696) 54 |10.286304]10.051481/10.337786) 39 
22 [9.662459 10997714005) 546 [L0.285995|10.051546|10.337541) 38 
23 |9.662703 109 2° 724314) 545 |10.285686]10.051612/10.337297| 37 
24 |9,662946 19919714624) 24, |10.28537610.051677/10.337054) £6 
25 (9.663190 109|9+714933] 242 |10.285067/10.051743|10.336810) 35 
26 |9.663433 1999 °715242| 215 |10.284758/10.051808/10.336567| 34 
27 |9.663677 199 0° 715551] 244 |L0.284449/10.051874]10.336323] 33 
28 |9.663920 199|9°715860| 554 |10.284140/10.051940/10.336080) 32 
29 |9,664163 110|9° 716168} 544 [L0-283832|10.052005/10.335837| 31 
30 |9.664406 110 0226477] 544 |LO-283523/10.052071|10.335594) 30_ 
31 [9.661648 : 110(9°7 16785] 514 |10-283215]10.052137/10.335352| 29 
32 [9.664891] | : 11019717093 54 [L0.282907/10.052203]10.335109} 28 
33 (9.665133 1102717401] 243 |L0.282599]10 05226910 334867) 27 
34 [9.66537 119|0°717709} 233 {10.282291]10.052335/10.334625| 26° 
35 [9.665617 11012718017] 245 |10.281983)10.052400]10.334383] 25. 
36 [9.665859 110(2°718325| 213 |10.281675]10.052467/10.334141) 24 
37 |9.666100 110|9*7 18633) 245 |10.281367|10.052533/10.333900] 23 
38 |9.666342 119|2°718940| 245 |[10-281060]10.052599/10.333658] 22 
39 |9.666583 110|2° 719248] F745 |10-280752]10.052665/10.333417| 21 
40 |9.666824 11022719555] 245 |10+280445/10.052731/10.333176) 20 
41 |9.667065 110|0°719862| 515 [10-280138|10.052797|10.332935| 19 
42 |9.66730 111|9-720169| 213 [L0-279831]10 .052864)10.332695| 18 
43 |9.667546 111/9-720476| £4 |10.279524|10.052930)10.332454) 17 
44 |9.667786) 4o9 | 9-$ 114 |9- 720783] 24 {10-279217|10.052996|10.332214] 16 
45 |9.668027| 4o9 | 9.946937] ,1]|9-721089| 245 |10.278911/10.053063|10.331973] 15 
46 |9.668267| jo | 9.946871] 11 1|9-721396] 25, |10.278604)10 .053129|10.331733) 14 
47 |9.668506| g59 | 9.946804] , 1 |9-721702| 515 |10.278298|10.053196|10,331494) 13 
48 |9.668746) 355 | 9.946738] 5, ,|9-722009| 2, |10.277991)10.053262/10,331254) 12 
49 |9.668986] 309 | 9.946671| ,1]|9-722315| 519 |L0.277685|10.053329|10.331014] 11 
50 |9.669225) 359 | 9.946604) , | ,|9-722621| ©) |10.277379|10.053396 10.330775! 10 
51 |9.669464| 55, | 9.946538) 11 ,/9-722927| . 19 |10.277073[10.053462|10.330536| 9 
52 [9.669703] 355 | 9.946471) ,31|9-723232) 259 |10.276768/10 .053529|10.330297| 8 
| 53 |9.669942] 552 | 9.946404] 5) ,|9-723538| 29 |10.276462/10 .053596|10.330058| 7 
54 [9.670181] 397 | 9.946337 5 1)/9-723844) 259 |10.276156/10.053663/10.329819] 6 
55 |9,670419] 357 | 9.946270) 5 5/9-724149] 249 |10.275851|10.053730/10.329581| 5 
56 |9.670658) 357 | 9.946203] 1,5]9.724454) 249 |10.275546/10.058797|10.320342| 4 
57 |9.670896) 357 | 9.946136) 5 ,5)9-724759, 20, |10.275241/10.053864|10.329104| 3 
58 [9.671134 356 | 9.946069) | 15|9-725065| 25. |10.274935/10.053931/10.328866] 2 
59 |9.671372| 396 | 9.946002) ,1,)9.725369| 24. |10.274631/10.053998/10.328628| 1 
60 |9.671609 9.945935 9.725674 10.274326|10.054065|10.328391| 0 
M |Co-sine Co-tan.| Tang. |Co-sec.|Secant.| m 
62 Degrees. Ss 


Tea RP TE ITE LE EE TREE Ti OAT OE TO 


we 
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TABLE XXV, 


1; 


112 


113 
113 
113 


114 


114 


116|—____ 


116 


117 


M | Sine. Diff.|Co-sine. 
~@ |9.671609 394 | 9-945935 
1 9.671847 39° | 9.945868 
2 |9.672084| 30? | 9.945800 
3 |9.672321) 22? | 9.949733 
4 9.672558) 302 | 9.945666 
5 |9.672795| 309 | 9.945598 
6 |9.673032| $94 | 9.945531 
7 |9.673268| 304 | 9-945464 
8 19.673505| 204 | 9.945396 
9 |9.673741| 302 | 9.945328 
10 19.673977| °°? | 9.945261 
LF alee LI Be re de cae 
11 |9.674213| g5, | 9.945198 
12 |9.674448| 355 | 9.945125 
13 |9.674684| 34> | 9.945058 
14 9.674919, 345 | 9.944990 
15 |9.675155| 555 | 9.944922 
16 |9.675390| 30, | 9.944854 
17 |9.675624| 357 | 9.944786 
18 |9.675859| $01 | 9.944718 
19 |9.676094| 397 | 9.944650 
20 |9.676328| 35) | 9.944582 
“21 |9.676562 399 | 9-944514 
22 \9.676796 390 9 ,9414446 
23 |9.677030| 39° | 9.94437 
24 19.677264! 39 | 9-944309 
25 |9.677498| 35, | 9.944241 
26 |9.677731| Seq | 9 944172 
27 |9.677964) 300 9.044104 
ss bisrti| 38 | 8-4 
py ibaeemacel PoP" gaaaod 
1 3b 9.678895 4ue 9.943830 
32 |9.679128| °°" | 9.943761 
33 |9.679360| °°. | 9.943693 
34 |9.679592| °°" | 9.943624 
35 19.679824| °°" | 9.943555 
36 19.680056| 3°° | 9.943486 
37 |9.680288| °°° | 9.943417 
38 |9.680519| °°° | 9.943348 
39 |19.680750| °°? | 9.943279 
40 |9.680982| °° | 9.943210 
385 |-9 "943141 

ns Sigaiass 385 | 9943072 
43 |9.681674| 2°* | 9.943003 
44 |9.681905| 2°4 | 9.942934 
45 |9.682135| °°4 | 9.942864 
46 |9.682365| °°* | 9.942795 
47 |9.682595| °°° | 9.942726 
f lospaonas| S82 1°: 4oese 
Ma to saesnae eae "oc o4ase7 
ed 9.683284| °°? | 9.949517 
; 382 | 9940448 

a a eeiras 382 | 9 942378 
5 382 | 9 "942308 
53 |9.683972| 355 | 9.942808 
Best et | 
:, aes 381 | 9942099 
57 |9.684887| 2°) | 9.942029 
58 /9.685115| 2°° | 9.941959 
59 |9.685343| °°? | 9.941889 
60 |9.685571| ©? | 9.941819 


a|9.729626 


28 Degrees. 


Tang. |Diff.| Co-tan. 


— | | sd 


9.728716 
9.729020 
9.729323 


9.729929 


9.734162 


9.743156 
9.743454! 
9.743752 


61 Degrees. 


LOGARITHMIC SINES, TANGENTS, AND SECANTS. 


Secant.|Co-sec. 


10.274326)10.054065/10.328391 
10 .274021)10 .054132/10.328153 
10.273716)10.054200)10.327916 
10.273412)10.054267|10.327679 
10.273108/10.054334/10.327442 
10.272803/10.054402/10.327205 
10.272499}10 .054469/10 .326968 
10.272195)10 .054536)10.326732 
10.271891/10.054604}10.326495 
10.271588)10.054672/10.326259 
10.271284/10.054739)}10 .326023 


10.270980)10 .054807/|10.325787 


10.270677|10.054875/10 325552 
10.270374)| 10 .054942/10.325316 
10.270071)19.055010/10.325081 
10.269767|10.055078/10.324845 
10.269465)10.055146/10 .324610 
10.269162 10.055214/10.324376 
10.265859)10 .055282/10.324141 
10.268556/10.055350/10.323906 
10.268254|10.055418}10.323672 


10 . 267952|10 .055486|10 . 323438 


10.267649|10.055554/10.323204 
10.267347/10 .055623|10.322970 
10.267045/10 .055691/10 .322736 
10. 266743/10 .055759)10.322502 
10.266442/10 .055828/10.322269 
10.266140)10 .055896/10.322036 
10.265838)/10.055964/10.321803 
10.265537/10.056033/10.321570 
10.265236/10.056101)10.321337 


10. 264934110. 056170/19. 321105 


10.264633)/10.056239}10.320872 
10.264332|10.056307)10.32064 

10.264031|10 .056376/10.320408 
10. 263731|10.056445/10.320176 
10.263430)10.056514/10.319944 
10.263129)10 .056583}10.319712 
10 .262829]10.056652|10.319481 
10. 262529/10.056721/10.319250 
10.262229/10 .056790/10.319018 


10.261929/10 .056859) 0.318787 


10.261629)10 .056928)10.318557 
10.,261329)10 .056997/10.318326 
10.261029)10.057066)10.318095 
10.260729/10.057136)10.317865 
10.260430)10 .057205/10.317635 
10.260130/10.057274)10.317405 
10.259831/10.057344)10.317175 
10.259532/10.057413|10.316945 
10. 259233/10.057483)10.316716 
10.258934/10.057552| 10 .316486 
10.258635/10 .057622|10.316257 
10.258336/10.057692/10.316028 
10.258038)10 .057761/10.315799 
10,.257739)10.057831/10.315570 
10.257441/10.057901/10.315342 
10 .257142)10.057971/10.315113 
10 .256844/10.058041/10.314885 
10.256546\10 .058111}10.314657 
10.256248.10.058181/10.314429 


rs | af 


Combe ekanrantws 


4 


TABLE XXYV. 
LOGARITHMIC SINES, TANGENTS, AND SECANTS. 


29 Degrees. 
M | Sine. |Diff.|Co-sine.| D.| ‘Tang. | Diff, Co-tan.|Secant.|Co-sec. 


OMBNAaarwnreH So 


9.941819 
9.941749 
9.941679 
9.941609 
9.941539 
9.941469 
9.941398 
9.941325 
9.941258 
9.941187 
9.941117 


9.941046 


9.940975 
9.940905 
9.940834 
9.940763 
9.940693 
9.940622 
9.940551 
9.940480 
9.940409 


9.74375 

9.744050 
9.744348 
9.744645 
9.744943 
9.745240 
9.745538 
9.745835 


3/9. 747913 


19.748209 
9.748505 
.|9.748801 


9.749393 
9.749689 


-256248/10.058181/10.314429 
-255950)10.058251}10.314201 
-255652)10.058321)10.313973 
-255355/10.058391)10.313746 
-255057|10.058461/10.313518 
- 254760) 10 .058531|10.313291 
-254462/10.058602)10.313064 
-254165/10 .058672)10.312837 
-253868)10.058742)10.312611 
-253571/10.058813/10.312334 
-253274/10.058883]10.312157 


-252977|10 .058954|10.211931 
-252681|10.059025|10.311705 
-252384/10 .059095/10.311479 
.252087|10 .059166|10.311253 
-251791/10 .059237|10.311028 
-251495/10 .059307/10.310802 
-251199)10.059378|10.310577 
-250903)10.059449/10.310352 
- 250607 /10.059520/10 .310127 
-250311)10.059591/10.309902 


60 


58 
57 
56 
55 
54 
53 
52 
51 
50 


49 


48 
AT 
46 
45 
44 
43 
42 
41 
40 


10.250015|10.059662/10.309677| 39 
10.249719/10 .059733/10.309452 


9.940338 
9.940267 
9.940196 


9.691220 
9.691444 
9.691668 
9.691592 
9.692115 
9.692339 


9.940125 
9.940054 
9.939982 
9.939911 
9.939840 
9.939768 
9.939697 


9.938908 
9.938836 
9.938763 
9.938691 
9.938619 
9.938547 
9.938475 
9.938402 
9.938330 
9.938258 


9.938185 


9.938113 
9.938040 
9.937967 
9.937895 
9.937822 
9.937749 
9.937676 


9.752052 
9.752347 
9.752642 
9.752937 
9.753231 
9.753526 
9.753820 
9.754115 


10.249424'10.059804/10 .309228 


10 .238852|10 .062396]10.301249 
10 238561110 .062469110. 301030 


| Tang. |Co-sec. |Secant.| mM 


9.937604 
9.937531 


Sine. 


9.761439 
\Co-tan.! 


60 Degrees. 


140 TABLE XXV. 
LOGARITHMIC SINES, TANGENTS, AND SECANTS. 


30 Degrees. 
Sine. |Diff.}Co-sine.| D.| Tang. |Diff.|Co-tan. |Secant.|Co-sec. | M 


F 4 


—} — —— | | | | ——_ 


0 |9.695970} 4,4 | 9.937531) )5,/9-761439| yo, |10.238561/10.062469/10.301030) 60 
1 |9.699189] 354 | 9.937458] 555|9.761731) ace |L0. .300811| 59 
2 |9.699407| 36, | 9.937385] 155/9.762023] 4c¢ { .300593| 58 
3 |9.699626| 554 | 9-937312| 155/9-762314) a6 3 57 
4 |9.699844| 555 | 9.937238] )55|9.762606) 4.5 56 
5 |9.700062| 365 | 9.937165] 55/9.762897| 4a. 5110. 55 
6 /9.700280| 353 | 9.937092] }55/9.763185| yo. |10. j 54 
7 |9.700498| 355 | 9.937016 555/9.763479| 4a. : } 53 
8 |9.700716| 365 | 9.936946 155|9.763770) 4a- |10. 4 299284] 52 
9 |9.700933] 565 | 9.936872] 5559-76406] jor 51 

10 [9.701151] 355 | 9.936799] |55/9-764352) 70. 50 
11 |9.701368} 365 | 9.936725] },,19.764643| 44 

12 [9.701585] 369 | 9.936652] )54|9.764933] 4o4 48 
13 |9.701802| 36) | 9. 12319°765224] 4a, 47 
14 |9.702019| 34, | 9. 19319-765514] yoy 46 
15 |9.702236| 37; | 9. 19319: 765805] 4oq 45 
16 |9.702452| 36; | 9. 19319766095] yoy 44 
17 |9.702669| 365 | 9.5 12319766385] agg 43 
18 19.702885| 365 | 9. 193|9-766675| gos 42 
19 |9.703101] 360 | 9. 19319766965] 43 41 
20 |9.703317| 3.5 |_9- 193(9: 767255] 4o5 

21 |9.703533] a.9 | 9. 12319767545] 4g9 

22 /9.703749| 3-9 | 9. 193|9°767834| aga 

23 |9.703964| 3.9 | 9. 19319- 768124 goo 

24 |9.704179| 3x9 | 9. 194/9°768414) Aeo 

25 |9.704395| 9.9 | 9. 194|9° 768703} goo 

26 [9.704610] 355 | 9. 194|9-768992| ago 

27 9.704825] 3-3 | 9. 194|9- 769281] ago 

28 |9.705040| 370 | 9. 194|9-769570) goo 

29 /9.705254] 3.6 | 9. 124|9 769860) 457 

30 (9.705469 ner 9. 1340270148) ey 

$1 (9.705683; 5.7 | 9. 194|9-770437| 453 

$2 |9.705898| 357 | 9. 194|9°770726| gay 

33 [9.706112] 5.7 | 9. 194l9-771015] 453 

34 |9.706326| 5°, | 9. 194|9-771303| gy 

35 |9.706539] 57 | 9. 1o4|9°771592) gay 

36 |9. 706753) 326 | 9. 194|9-771880] geo 

37 |9.706967 a56 1 2 195|9° 772168) 489 

38 |9.707180| 3. | 9. 195|9-772457| ago 

89 |9.707393] 37. | 9. 195|9-772745| 4ao 

40 [9.707606] 3. | 9. 1929773033] 455 

41 |9.707819) 4. | 9. 195|9°773321| geo 

42 |9.708032| 3-4 | 9. 195|9°773608) 49 

43 |9.708245] 32 | 9. 19519-73896] 479 

44 |9.708458| 3. | 9. 19519-74184] 479 

45 |9.708670| 374 | 9. 12519-74471] 479 

46 |9.708882| 3-5 | 9. 23] 395|9-774759| 479 

47 |9.709094| 3-5 | 9.934048] 15-/9.775046| 479 

48 |9.709306| 3-5 | 9.933973] ,5.|9-775333| 479 

49 |9.709518| 973 | 9.933898} 155'9.775621) 47. 

50 _|9.709730| 3-5 | 9.933822) 15 °.9.775908| 476 

51 |9.709941| 5.5 | 9.933747| 15¢9-776195| gre 

52 |9.710153| 359 | 9.933671] j5¢9-776482| 476 

53 |9.710364| 354 | 9.933596] }5, 9.776769] 47. 

54 |9.710575| 355 | 9.933520) 1559-777055| 476 

55 |9.710786| 3.5 | 9.933415] ,5¢9-777342| jog 

56 [9.710997] 355 | 9.933369] }5,9.777628| 477 

57 |9.711208| 3.) | 9.933293] }5,¢9-777915| 477 

58 |9.711419| 351 | 9.933217] 1569-78201) 477 

59 |9.711629| 355 | 9.933141) 154 9-778487| 477 

60 |9.711839 9.933066 9.778774 

M |Co-sine Sine. Co-tan. 


59 Degrees. 


NSE ee RE ERS SY SSRN ee ED 


Sine. 
9.71183¢ 
9.712050 
.712260 


59 |9.724007 
60 |9.724210 


M |Co-sine 


9,930688 


Diff.|\Co-sine. D. 


9.930921 
9.930843 
9.930766 


9.930611 
9.930533 


9.928420 


nny i Sl Eee 


TABLE XXV. 


LOGARITHMIC SINES, TANGENTS, AND SECANTS. 


31 Degrees. 


Tang. | Diff. Co-tan. | Secant. | Co-sec. 


10. 221226/10.066934/10.288161 
10 .220940!10.067010/10. 287950 
10.220654110.067086/10.287740 
10.220368]10.067162/10.287531 
10.220082/10 .067238/10.287321 
10.219797|10.067315|10.287111 
10.219511/10.067391|10. 286902 
10.219225|10 .067467|10. 286692 
10.218940!10.067543|10. 286483 
10.218654/10.067620|10.286274 
10.218369|10.067696/10. 286065 


10.218084/10.067772/10.285856 
10.217799/10.067849/10 .285648 
10.217514)10.067925|10.285439 
10.217229/10.068002/10.285231 
10.216944|10 .068079)10.285022 
10.216659]10.068155}10.284814 
10.216374|/10.068232|10.284606 
10.216090/10 .068309)/10. 284398 
10.215805/10.068386/10.284191 
10.215521/10.068463)10. 283983 


128 
128 
128 
128 
128 
128 


10.214952)10 .068617|10.283568 


58 Degrees. 


141 


10.215236)10 .068540|10.283776 


142 TABLE XXV 
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32 Degrees. 
‘Tang. | Diff. | Co-tan. |Secant.|Co-sec. | M 


Sine. 


| z 


Diff.|Co-sine.| D. 


0 337 | 9-928420| 5 45/9.795789 10. 204211|10.071580|10.275790| 60 
1 337 | 9+928342| 155/9-796070 10. 203930}10.071658]10.275588) 59 
2 336 | 2:928263| 35519- 10.203649|10.071737|10.275386| 58 
3 336 | 9928183) 135/9-79663 10. 203368|10.071817]10.275184| 57 
4 336 | 9°928104| 535|9-796913 10. 203087/10.071896]10.274983) 56 
5 336 | 9°928025| 139/9-797194 10 .202806]10.071975110.274781| 55 
6 335 | 9-927946| 135/9.797475 10 .202525/10.072054}10.274580| 54 
7 335 | 9-927867| 135/9-797755 10 .202245/10.072133|10.274378| 53 
8 335 | 9-927787| 155/9-798036 10. 201964|10.072213|10.274177| 52 
9 335 | 9-927708| )35/9-798316 10.201684'10.072292}10.273976| 51 
10 335 |2:927629) 13.,|9-798596 10 .201404|10.072371|10.273775| 50° 
ey 334 | 2-927549| 155/9-798877 10 .201123}10.072451|10.273574| 49 
12 334 | 2-927470| 399|9.799157 10. 200843/10.072530|10.273374] 48 
13 334 | 9-927390! 13319.799437 10. 200563/10.072610|10.273173) 47 
14 334 | 2:927310| ,5319-799717 10. 200283|10.072690/10.272973] 46 
15 334 | 9-927231| 333|9-799997 10. 200803|10.072769|10.272772| 45 
16 333 | 9-927151| 433)9.800277| 4g |10.199723/10.072849|10.272572| 44 
17 333 | 9-927071| 133/9-800557| gee |10,199443)10.072929|10,.272372| 43 
18 333 | 9-926991| 133|9-800836 10 ,199164|10.073009|10.272172| 42 
19 333 | 9926911] 333|9-801116 10 .198884!10.073089|10.271973| 41 
20 333, |22920831| 13319: 10 198604/10 .073169/10.271773| 40° 
“21 |9.728427| 4,5 | 9.926751] ,55/9-801675| 4eq {L0. 198325/10.073249|10.271573) 39 
22 |9.728626| 55, | 9.926671) 155|9-801955! ggg [10 198045/10.073329|10.271374) 38 
23 |9.728825| 335 | 9.926591) ,35|9.802234| 4g, |10 197766|10.073409|10.271175| 37 
24 |9.729024] 555 | 9.926511] ,34/9-802513| 4g, |10 197487/10.073489|10.270976| 36 
25 |9.729223! 557 | 9.926431] 15 4|9-802792| 45 |10 197298|10.073569|10.270777| 35 
26 9.729422) 35, | 9.926351] 15 4|9-803072| 4g- |10.196928/10.073649]10.270578| 34 
27 9.729621] 55, | 9.926270] ,34/9-803351) 4g; |10.196649|10.073730/10.270379| 33 
28 |9.729820! 35, | 9.926190) ,54|9.803630) 4g. |10.196370/10 .073810|10.270180| 32 
29 |9.730018| 555 | 9.926110) 55 4|9.803908) 4¢; |10.196092/10.073890|10. 269982) 31 
30 |9.730217| 35, | 9.926029) ,3 1/9-804187| 46. [10 195813/10.073971|10.269783|_30_ 
“BI |9.730415| 555 | 9.925949] 5, ,9-804466] 444 |10.195534]10.074051/10.269585| 29 
32 |9.730613| 355 | 9-925868) 15 4/9-804745] 444 |LO.195255/10.074132/10.269387| 28 
33 |9.730811) 335 | 9.925788) 15 ,/9-805023) 10 194977/10.074212/10.269189| 27 
34 |9.731009| 359 | 9.925707] 33 4/9-8053%2 26 
35 |9.731206| 359 | 9-925626) 15 4|9-805580 25 
36 |9.731404] 355 | 9.925545] 13,|9.805859 24 
37 |9.731602| 355 | 9.925465) ,3,|9-.806137 23 
38 |9.731799] 359 | 9.925384! 55-|9.806415 22 
39 |9.731996] 354 | 9.925303) ,5,/9.806693 21 
40 [9.732193] 35, |_9-925222| |) .|9.806971 20, 
41 |9.732390| 45, | 9.925141] }4,|9.807249 : 19 
42 |9.732587| 354 | 9.925060] ,3-|9.807527 192473/10.074940|10.267413] 18 
43 |9.732784] 954 | 9.924979] ,57|9.807805 192195/10 .075021/10.267216| 17 
44 |9.732980) 357 | 9.924897] }3.|9.808083 .191917/10.075103|10.267020| 16 
45 |9.733177| 957 | 9.924816] ,3,/9.808361 1 92639/10.075184/10. 266823] 15 
46 |9.733373| 357 | 9.924735] 13¢|9-808638 1 91362/10.075265/10.266627| 14 
47 |9.733569| 557 | 9.924654] 15,|9-808916 191084}10.075346/10.266431| 13 
48 |9.733765| 357 | 9.921572) 3¢/9-809193 .190807|10.075428/10.266235| 12 
49 |9.733961| 35, | 9.924491] 9,|9-809471 190529|10.075509|10.266039| 11 
50 |9.734157| 35, |_9-924409] |5.|9.809748 1 90252]10.075591|10.265843| 10 
51 |9.734353| 956 | 9.924328] 15,|9.810025 9 
52 |9.734549| 356 | 9.924246] 15 ,/9.810302 8 
53 |9.734744) 35. | 9.924164] 13 ,|9.810580 26: 7 
54 |9.734939| 35. | 9.924083) 15,/9.810857 5 6 
55 |9.735135] 35; | 9.924001] 13,/9.811134 ; 5 
56 |9.735330] 357 | 9.923919] 15 ,/9.811410 4 
57 |9.735525| 35. | 9.923837] 13,|/9-811687 3 
58 |9.735719] 354 | 9.923755] 557/9.811964 2 
59 |9.735914| 95, | 9.923673] 157/9.812241 10 87759|10.076327/10.264086} 1 
60 |9.736109 9.923591 9.812517 20 87483/10.076409|10.263891) 0 
M |Co-sine Sine. Co-tan. Tang. |Co-sec.|Secant.| M 


57_ Degrees. r 7 


» - 


TABLE XXV. 
LOGARITHMIC SINES, TANGENTS, AND SECANTS. 


33 Degrees. 


Biesidticates 


56 Degrees. 


————_> 
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TABLE XXV. 
LOGARITHMIC SINES, TANGENTS, AND SECANTS. 


mM |Co-sine 


34 Degrees. 


D.| Tang |Diff.| Co-tan.|Secant.|Co-sec. | M 


10.171013/10.081426)10.252438) 60 
10.170740/10.081511)10.252251) 59 
10.170468/10.081596)10.252064) 58 
10.170195)10.081682|10.251877| 57 
10. 169923/10 .081767|10.251690) 56 
10. 169651/10 .081853)10.251503) 55 
10.169379/10.081938|10.251317| 54 
10.169107/10.682024)10.251130} 53 
10.168835}10.082109)10.250944| 52 
10.168563/10.082195|10.250757| 51 
10.168291/10.082281|10.250571) 50 
10.168019/10.082366]10.250355) 49 
10.167747|10.082452|10 250199) 48 
10.167475/10.082538|10.250013) 47 
10.167204;10.082624)10.249828) 46 
10.166932}10.082710/10.249642) 45 
10.166661|10.082796/10.249457) 44 
10.166359}10.082882/10.249271| 43 
10.166118}10 .082968/10.249086| 42 
10. 165846)10.083054|10.245901) 41 
10.165575)}10.083141/10.248716) 40 
10.165304/10.083227|10.248531) 39 
10.165033/10.083313)10.248346) 38 
10.164762/10.083400/10.248161| 37 
10.164491)10.083486|10.247977| 36 
10.164220/10.083573|10.247792| 35 
10.163949]10.083659/10.247608)} 34 
10.163678/10.083746)10. 247424! 33 
10.163407|10.083833}10. 247240} 32 
10.163136/10.083919|10. 247056) 31 
10. 162866/10 .084006}10.246872) 30 
10.162595/10.084093/10.246688)| 29 
10.162325/10.084180/10.246505| 28 
10.162054)|10.084267/10.246321| 27 
10.161784/10.084354)10.246135| 26 
10.161513!10.084441)10.245954| 25 
10.161243/10.084528]10.245771| 24 
10.160973)}10.084615/10.245588) 23 
10. 160703/10.084703)10.245495| 22 
10.160432/10.084790/10 245222) 21 
10. 160162/10 .084877/10.245040) 20_ 


10.159892)10.084965/|10 .244857 
10.159622)10.085052)10.244674 
10.159353)/10.085140)10.244492 
10.159083/10 .085227)10.244310 


[tetelsied-t-t<4-4- 
zlorwemaowooSHSaEs AIHKHS 


55 Degrees. 


a ec ee ee 


a STS 


TABL 


E XXV. 


LOGARITHMIC SINES, TANGENTS, AND SECANTS. 


35 Degrees. 


a 


{ 
M | Sine. |Diff.|Co-sine.| D.| ‘Vang. |Dilf. Co-tan. |Secant.|Co-sec. | M 
0 |9.758591| 45, | 9.913365] | 7/9.845227) 41, '10.154773/10 .086635|10.241409| 60° 
1 |9.758772| 39 | 9.913276) 1179845496] 445 |10.154504/10.086724/10.241228] 59 
2 |9.758952| 359 | 9.913187) | 1./9.845764) 14 |10.154236/10.086813/10.241048] 58 |f 
8 |9.759132) 35, | 9.913099 149/9846033 ig |L0-153967/10.086901]10.240868) 57 |; 
4 (9.759312) 359 | 9.913010] )1.'9.846302] 14, |10.153698/10.086990]10.240688) 56 
5 |9.759192) 49 | 9.912922] )12:9.840570] 14, |10.153430|10.087078]10.240508] 55 | 
6 /9.759672) doq | 9.912833] 1 4-.9.846839) 4145 |10.153161|10.087167/10.249328| 54 | 
7 |9.759852| So | 9-912744} 1 109-847107] 447 |10.152893]/10.087256]10.240148! 53 |} 
8 {9.760031| So, | 9.912655] 1 409.847376) 447 |10.152624/10.087345110.239969| 52 || 
9 |9.760211] do9 | 9.912566) 14...9-847644) 4147 |10.152356|/10.087434/10 239789] 51 
10 |9.760399) 50, | 9.912477 14522847913 447 [L0:152087/10.087523|10.239610} 50 
11 |9.760569| 50, | 9.912388 isi? 848181) 447 [L0.151819)10.087612]10.239431! 49 
12 |9.760748| Do, | 9.912299) 5 40\9.848449] 747 |10.151551|10.087701]10.239252] 48 
13 |9.760927| 55. | 9.912210) | ,9/9.848717) 447 |L0.151283/10.087790]10.239073| 47 || 
14 |9.761106| Gog | 9.912121] 5 45/9-548986) 147 |10.151014/10.087579]10.238894] 46 
15 [9.761285] do, | 9.912031] | 45/9.849254) 147 |10.150746]19.087969]10.238715] 45 |] 
16 |9.761464) 59, | 9.911942) ,70/9.849522| 7417 |10.150478]10.088058]10.238536] 44 
17 |9.761642) 597 | 9.911853} 7 45/9-849790| 1146 10. 150210|10..088147|10.238355 43 |i 
18 [9.761821] 557 | 9.911763} 5 75,9-850058) 444 |10.149942/10.088237/10.238179] 42 |; 
19 |9.761999) 557 | 9.911674) | 0/9.850325] 446 10.149675|10 .088326|10.238001| 41 
20 |9.762177| 50, | 9.911584 119192299593) 446 10.149407/10 .088416]10.237823 40 || 
PL |9.762356 7 | 9-911495] 1 4919-850861) 445 |L0.149139/10,088505/10.237644" 39 
22 [9.762534] Dog | 9.911405) 1 9/9.851129) 4 [1014887 1/10 .088595]10. 237466] 38 |] 
23 |9.762712) So, | 9.911315) 1 -419-851896] 446 |10.148604)10.088685/10. 237285) 37 || 
24 |9.762589) So | 9.911226] 57 /9.851664) 44 |10.148336/10.088774)10.237111| 36 || 
25 9.763067] So | 9-911136] ,*9/9-851931] 444 |L0.148069)10. 058864}10 236933) 35 
26 |9.763245] Sog | 9.911046) 77 5|9-852199| 446 |10.147801)10. 08895410 . 236755) 34 |] 
27 |9.763422] do, | 9.910956) 55 9/9.852466] 44, |10.147534/10.08904.4)10,236575) 33. 
28 |9.763600] 595 | 9.910866] 72 )|9-852733] 445 [10.147267|10.089134]10.236400) 32 |] 
29 |9.763777| 995 | 9.910776) 17 9/9-853001} 445 [10.146999/10.089224/10.236223/ 31 jf 
30 |9.763954) 54. | 9.910686 150192893268 445 (10: 146732)10.089314/10.236016) 30 If 
31 (9.764131 005 9.910595] |. 9|9-853535] 445 |10.146465|10 08940410. 235869] 29 | 
32 |9.761308} Do: | 9.910505] 5 0/9.853802/ 44. |10.146198/10.089494)10. 235692] 28 || 
33 |9.761485| S94 | 9.910415] 72 5/9.854069) 44. |10.145931]10 .089585]10.235515) 27 | 
34 |9.764662| 554 | 9.910325] 12,|9-854336| 44, |10.145664)10.059675}10.23533¢) 26 | 
35 |9.764838] 59, | 9.910235] 7 |9-851603) 44, |10.145397/10.089765]10.235162| 25 
36 9.765015] Oo, | 9-910144] 5° 1/9.854870) 44, |10.145130/10.689850/10.234985] 24 
37 |9.765191| 594 | 9-910054] 725|9.855137| 44, |10.144863)10 .089946/10.234801] 23 
38 9.765367) 994 | 9-909963] , 5 ,|9-855404] 442 (L0.114596/10.090037|10. 234633) 22 || 
39 |9.765544] S53 | 9.909873) 12, /9.855671] 444 |10.144329|10.090127|L0 234456) 21 
40 |9.765720] 55. | 9.909782 15102882938 444 |LO:144062|10.090215]10.234280} 29 
“Al |9.765896 n93 | 9-909691 a 9.856204] 444 |L0.143796/10.090309]10.234104) 19 | 
42 |9.766072| 593 | 9.909601] 52 ,|9-856471) 444 |10.143529)10 .090394/10. 23392) 18 |] 
43 [9.766247] 595 | 9.909510) 525|/9.856737| 444 |10.143263]10.090490/10.233753) 17 
44 |9.766423| 59, | 9.909419] 57,|9.857004) 4444 |10.142996)10 .090581]10.233577/ 16 
A5 9.766598) Soy | 9.909328} 1°, |9.857270| 444 |10.142730/10.090672|10. 233402) 15 
/ 46 9.766774] 545 | 9.909237] 525|9-857537| 444 |10.142463)10 .090762/10.232226) 14 
47 |9.766949] 55 | 9.909146] 1 25|9.857803] 444 |10.142197/10.090854|10.233051) 13 
48 9.767124] Oo9 | 9-909055| 55/9-858069| 444 /10.141931/10.090945/10, 232876) 12 
49 9.767390) Soo | 9.908964] ,°5/9.858336| 444 |10.141664|10.091036]10.232700) 11 
50 |9.767475] 90) |_9.908873 sole 858602/ 74, |L0-141398/10.091127|10.232525) 10 
“51 |9.767649 291 | 2-208781) ,<5/9-858868} 44g |10.141132/10.091219 10.232351) 9 
52 |9.767824| 55, | 9.908690] ,75/9.859134) 4143 |10.140866/10,091310}10.232176) 8 
53 /9.767999| 99, | 9.908599] ,25/9-859400) 4743 |10.140600/10.091401|10,232001) | 7 
54 9.768173) 54, | 9.908507] ,25|9-859666| 443 |10.140334)10.091493/10. 231827) 6 
55 |9.768348) Do | 9.908416) 524/9-859932) 443 |10.140068/10.091584/10.231652) 5 
56 [9.768522] 554 | 9.908324 153/90 800198| 443 |10.189802/10.091676)10,231478) 4 
57 9.768697} 554 | 9-908233| ,75,9.860464) 443 [10.139536/10.091767 10.231303| 8 
58 |9.768871] oq | 9-908141] 175 ,9.860730) 443 |10.139270/10.091859 10.231129 2 | 
59 |9.769045] oq | 9-968049) 775. 9.860995) 443 |10.139005)10.09195] 10.230955; 1 
60 |9.769219 9.907958 9.861261 110. 138739|10.092042/10.230781] 0 
M 


54. Degrees. 


| mM |Co-sine Sine, Co-tan.| | ‘Tang. Co-sec. |Secant. 


TABLE XXV. 


LOM ARITHMIC SINES, TANGENTS, AND SECANTS. 


5 gp 


36 Degrees. 


Diff.|Co-sine.| D.| ‘Tang. | Diff.) Co-tan.| Secant. |Co-sec.| M 


290 
289 
289 
289 
289 


9.907958 


9.907866 
9.907774 
9.907682 
9.907590 
9.907498 
9.907406 
9.907314 
9.907222 
9.907129 
9.907037 


9.906945 


9.906852 
9.906760 


=, 


9.861261 


9.861792 
© 9.862058 
9.862323 
”'9 862589 
*. 9.862854 
9.863119 
?"19 863385 
*'9.863650 
24/9 863915 
“19. 864180 
54/9 8644.45 
“9.8647 10 
“9.864975 
9.865240 
(9.865505 
9.865770 
° 9.866035 
9.866300 
° 19. 866564 
9.866829 


| 15519 s67004 


443 
443 
443 
442 
442 
442 
442 
442 


. 138739,10.092042/10 
-138473|10.092134/10 
-135208|10 .092226)10 
.137942/10.092315)10 
.137677)10.092410/10 
.137411)10.092502/10 
.137146}10.092594/10 
.136881|10.092686/10 
-136615}10.092778/10 
-136350/10.09287 1/10 
- 136085} 10.092963)/10 
.135526)/10.093055/10 
-135555/10.093148/10 
. 185290/10.093240/10. 
-135025|10.093333/10. 
-134760/10.093425!10. 
-134495/10.0935 18/10 
-134230/10 09361 1/10. 
-133965]10.093704/10. 
-133700|10.093796| 10. 
. 133136/10.093889)| 10 


230781) 60 

- 230607 
230434 
. 230260 
. 230087 
229913 
226743) 54 
. 225567) 58 
220394! 52 
229221) 5] 
-229048) 50 


a9 
58 
57 
56 
ia) 


- 228875) 49 


. 228702 
228530 
228357 
228185 
. 228013 
227841 
227669 
227497 
. 2273825 


48 
47 
46 
45 
44 
43 
42 
41 
40 


10.227153} 39 


-132906|10.094075/10. 


226952] 38 


226810 
226639 
226467 
226296 
226125 
225954 


37 
36 
35 
34 
33 
32 


.132642|10.094168}10. 
.132377|10.094261|10. 
.192113/10.094355|10. 
.131848]1u.094448)10. 
.131584/10.694541/10. 
.131320/10.094634|10. 
.131055|10.094728/10.225783) 31 
.130791]10.094821/10. 225612] 30 
10.130527/10.094915/10. 225442] 29 
10.130263/10.095008/10.225271) 28 
10.129999]10.095102)10.225101| 27 
10.129735|10.095196)10.224930) 26 
10.129471/10.095289)10.224760} 25 
10.129207/10.995383/10.224590| 24 
10.128943/10.095477|10. 224120] 23 
10.128679/10.095571 10.224250) 22 
10.128415|10.095665'10.224680| 21 
10.128151/10.095759,10.223910} 20 
10.127858/10.095853 10.223741 
10.127624|10.095947 10.223571 
10.127360|10.096041 10.223402 
10. 127097|10.096136 10. 223232 
10. 126833]10.096230 10. 223063 
10.126570/10.096324)10.222894 
10. 126306|10.096419 10. 222725 
10.126043/10.096513 10 222556 
10.125780|10.096608'10 222387 
10.125516|10. 096702 10. 222219 
10. 125253|10.096797/10. 222650) 
10.124990/10. 096892 10.221881 
10. 124727|10.096986 10 ,221713 
10.124464)10.097081\10.221545 
10.124200/10.097176 10.221376 
10.123937/10.097271,10.221208 
10, 123674)10.097366,10.221040 
10.123411|10.097461 10. 220872 
10.123149110.097556,10. 220705 
10.122886)10.097651 10.220537 


12219868152 ia 
122 |9-868416 
19? |9..868680 
126i9.868945 
sep |9-869209 
: O19 869473 
9.774729 156/9 | 869737 
9.774899 


a 
isthe cee 


157 


Co-tan, 
53 Degrees. 


M 


| 


: 


_ 
SOMNRA AT wm WD HH © 


ce ees TE ee 
TABLE XXV. 


LOGARITHMIC SINES, TANGENTS, AND SECANTS., 


Sine. | Diff./Co-sine. 
9.902349 


9.779463 
9.779631 
9.779798 
9.779966 
9.780133 
9.780300 


l9.780467| ° 


9.780634 
9.780801 
9.780968 
9.751134 


“Tt |9.781301 


12 


9-781468 
9.781634 
9.781800 
781966 
782132 
. 782298 
- 782464 
9.752630 
9.782796 


9.782961 


9.783127 
9.783292 
9.783158 
9.783623 
9 


.783758) 


9.783953 
9.784118 


9.784282) 


9.784447 


9.781612 


38 
39 


9.784776 
9.751941 
9.785105 
9.785269 
9.785433 
9.785597 
9.785761 
9.785925 


40 |9.786089 


41 


42 
43 
44 
45 
46 
47 
48 
49 
50 


9.786252 
9.786416 
9.786579) 
9.786742 
9.786906 
9.787069 
9.787232 
9.787395 
9.787557 
9.787720 


SL {9.787883 


52 
53 
54 
55 
56 
o7 
58 
59 
60 
M 


9.788045]. 


0.788208 
9.788370 
9.788532 
9.788694 
9.788856 
9.789018 
9.789180! 
789342 


279 
279 
279 
279 


Co-sine 


9.902253 
9.902155 
9.902063 
9.901967 
9.901872 
9.901776 
9.901681 
9.901585 
9.901490 
9.901394 


9.901298 


9.901202 
9.901106 
9.901010 
9.900914 
9.900815 
9.900722 
9.900626 
9.900529 
9.900433 


9.900337 


9.900240 
9.900144; 
9.900947 
9.899951 
9.899854 
9,899757 
9.899660 
9.899564 
9.899167 


9.899370 


9.899273 
9.899176 
9.899078 
9.898981 
9.898884 
9.898787 
9.898689 
9.898592 
9.898494 


9.898397 


9.895299 
9.898202 
9.898104 
9.898006 
9.897908 
9.897810 
9.897712 
9.897614 
9.897516) 


9.897418 


9.897320 
9.897222 
9.897123 
9.897025 
9.896926 
9.896828 
9.896729 
9.896631 
9.896532 


37 Degrees. 

Tang. |Diff.| Co-tan.| Secant. 
10.122886/10.097651 
10,122623|10.097747 
10. £22360|10.097842)10 
10. 122097|10.097937|10 
10.121835|10.098033/10. 
10.121572]10.098128]10 
10.121309/10.098224)10. 
10.121047/10.098319|10. 
10.120784/10.098415|10. 
10,120522/10.098510/10. 
10.120259/10.098606|10. 
10.119997|10.098702 
10.098798 
10.098894 
10.098990 
10099086 
10.099182 
10.099278 
10.118161|10.099374 
10.117899|10.099171/10 
10..117637|10 .099567|10 
10.117375|10.099663/10 


D. 
9.877114 
9.877377 

159 

159/07 927640 


>" 9.877903 


159 


et et 
159/072 8691 


~ 19. 878953 
a gi9 879216 
agid-879478 
Heo: B79741 
1602 -880003 
Hpg|9- 880265 
Topi? + 880528 
Heol? 880790 
Leo? 881052 

9.881314 


160 z 
16012881576 


“'9 885242 
0219885503 
Legl9 «885765 
ea{9-886026 
Hopl9-886288 
Hog |9- 886549 
15 I9. 886810 
10319 .887072 
fo|9-887333 

9.887594 
SPE Caan 


163 
9.888639 


163/9 | g38900 


163 


163!9 "890201 


3) 890465 
164)9 | s90725 


9.892810 


52 Degrees. 


10.119735 
10.119472 
10.119210 
10.118948 
10. 118686 
10,118424 


Co-sec. 


10.220537! ¢ 
0 


- 220369) 


. 220034 
219867; 
219700 


219199 
219032 

218866 
10.215699 
10.218532 
10.218366 
10.218200 
10.218034 
10.217868 
10.217702 
10.217536 
.217370 
217204 


216873) 
216708 
216542 
. 216377 


10.115281/10.100436/10.215718 
10.115020)10.100533/10.215553 


10.114755]10. 100630\10.2!15358 
10,1141497|10.100727|10 
10. $14235/10.100824/10. 
10.113974 10.100922}10. 
10.113712|10.101019/10. 
10.113451/10.101116/10. 
10.113199/10.101213/10. 
10.112925/10.101311/10. 
10.112667|10.101408|10. 
10.112406/10.101506/10. 


.112145/10.101603/10 


osinaee 
215059} 
214895* 
214731 
214567 
214403 
214239 
214075 
213911 


213584 
213421 
213258 
- 213094 
212931 
212768 
- 212605 
212443 
212280 


212117 
-109275|10.102680/10. 
-109014|10.102778)/10 
- 108753|10.102877)10 
-108493}10.102975}10 
-105232)10.103074)10. 
10.107972|10.103172|10. 
-107711)10.103271)10.210982 
.107451/10.103369/10.210820 
.107190)10.103468]}10. 210658 


Sine. Co-tan. Tang. |Co-sec.|Secant. 


211955 
211792 
. 211630 
- 211468 
211306 
211141 


220202) ; 


219533) : 
219366) : 


217039) ° 
10.117113)10.099760)10. 
10.116852)10.099856)/!10. 
10.116590|10.099953/10 
10.116328|10.100049) 10 
10.116066)10.100146)10.216212 
10.115804)10.100243)10. 216047 
10.115543/10.1003410)10.215882 


28 
27 
26 
25 
24 
23 
22 
21 
20 


19° 


2137418 
-1115S84)10.101701)10. 
-111623)10.101798/10. 
-111361/10.101896/10. 
-111100)10.101994/10 
-110840/10. 102092/10 
-110579|10.102190/10. 
-110318/10.102288/10 
-110057|10.102386)/10. 
-109796)10.102484/10. 


- 109535) 10. 102582/10 


18 
17 
16 
lo 
14 
13 
12 
1] 
10 


iomNWOKRhAAN DS 


——— $$ OO. es 


——$—$—__ 


TABLE XXV. 


LOGARITHMIC SINES, TANGENTS, AND SECANTS. 


ee 


9.750793 
9.790954 

-T9LLI5 
791275 


10 


791596 
791757 
-791917 
792077 
. 792237 
792397 
9.792557 

9.792716 
792876 
793035 
.793195 
-793354 
793514 
393673 
793832 
793991 
.794150 


—_ 
© 


9 


9.794308 


9.794467 
9.794626 
9.794784 
9.794942 
9.795101 
9.795259 


9.795575 
9.795733 
9.795891 


40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 


9.796206 
9.796364 
9.796521 
9.796679 
9.796536 
9.796993 


'9.797397| 
9.797464 
9.797621 
9,797.77 
9.797934 
9.798091 
9.798247 
9.798103 
9.798560 
9.798716 
9.798872) 


mM |Co-sine| 


791436) ; 


9.795417] | 


9.796049) ; 


9.797150\ * 


me | | | 


|! 


9.896532 
9.896.433 
9.896335 
9.896236 
9.896137 
9.896035 
9.895939 
9.895840 
9.895741 
9.895641 
9.895542 


i a 


9.895443 


9.895343] ° 


9.895244 
9.895145 
9.895045 
9.894945 
9.894846 
9.894746 
9.894646 
9.894546 


9.894446 


9.894346 
9.894246 
9.894146 
9.894046 
9.893946 
9.893846 
9.893745 
9.893645 
9.893544 
9.893444 
9.893343 
9.893243 
9.893142 
9.893041 
9.892940 
9.892839 
9.892739 
9.892638 
9.892536 


9.892435 


9.892334 
9.892233 
9.892132 
9.892030 
9.891929 
9.891827 
9.891726 
9.891624 
9.891523 


9.891121 


9.891319 
9.891217 
9.€91115 
9.891013 
9.890911 
9.890809 
9.890707 
9.890695 
9.890503 


————___ 


Sine. 


38 Degrees. 


—— eee 


!9,894371 
°19 894632 


9.895672 
. 895932 
.896192 
- 896452 
-896712 
.896971 
.897231 
897491 
897751 
-898010 

.898270 
. 898530 
. 898789 
.899049 
.899308 
- 899568 
- 899827 
- 900086 
9.900316 
9.900605 
9.900864 
9.901124) ,. 


166 
166 
166 


167 
167 


168 


9.902679 
9.902938 


79 |9- 908111 
9.908369 


DS ee 


Co-tan. 


51 Degrees. 


—_—— | —— J | 


10.107190|10.103468/10. 
10.106930!10.103567/10. 
10.106669}10.103665/10. 
10.106409|10.103764/10. 
10.106149/10. 103863/10. 
10.105889)10. 103962 10. 
10.105629 10.104061:10. 
10.105368/10.104160110. 
10.105108/10.104259/10. 
10.104848/10.104359|10. 
10.104588)10.104458/10. 


10.104328/10.104557|10. 
10 
10 
110 
lo 
10 
10 
10 


210658 
210496 
210335 
210173 
210012 
209851 
209690 
209529). 
209368 
209207 
209046 


.104068/10.104657|10. 
10380810. 104756/10. 208564 
-103548/10. 104855 /10.208404 
.103288|10.104955/10. 208243 
.103029}10. 105055|10. 208083) 
10276910. 105154/10. 207923 
.102509|10.105254}10. 207763 
10.102249/10.105354/10. 207603 
10.101990|10. 105454/10.207443 
10.101730/10.105554/10. 
10 
10 
10 
10 
10 
10 
10 


208725 


-101470)10.105654/10. 
.101211)10.105754/10. 
-100951/10.105854/10. 
- 100692)10.105954)10. 
.100432)10.106054)/10. 
.100173|10.106154|10. 
.099914/10.106255/10. 
10.099654|10.106355/10. 
10.059395/10.106456)10. 
10.099136)10.106556)10. 
10.098876!10.106657|10. 
10.098617|10.106757\10. 
19.098358)10.106858|10. 
10.098099)10.106959/10. 
10.097840|10.107060)10. 
10.097581/10.107161/10. 
10.097321/10.107261/10. 
10.097062)10. L07362)10. 
10 .696503)10.107464)10. 


10.096545/10.107565/10. 
-096286/10. 107666 
-096027|10.107767|10. 
-095768/10.107868)10. 
-095509/10.107970/10. 
-095250/10.108071/10. 
.094992/10.108173)/10. 
-094733)10.108274)10. 
-094474|10.108376)10. 
-094216/10.108477)10. 


-093957|10.108579|10. 202536 
.093698/10. 10868110. 202379 
.093440/10. 108783,10. 202223 
093181110. 108885/10. 202066 
10.092923/10.108987/10.201909 
10.092664/10. 109089|10. 201753 
10.092406|10.109191)10.201597 
10.092148/10. 109293 10. 201440 
10.091889/10.109395'10.201284 
pe tan ton we 2s 


Tang. 


Co-sec. 


207124 
206965 
206805 
2066416 
206486 
206327 
206168 
206009 
205850 


205533 
205374 
205216 
205058 
204899 
204741 
204583 
204425 
204267 


10.203951 
203794 
203636 
203 179 
203321 
203164 
203007 
202850 


Secant. 


208885 


207284 


205692| 29 


204109 


202693 


11 
10 
= 


Cem nw weaan® 


M 


TABLE XXV. 
LOGARITHMIC SINES, TANGENTS, AND SECANTS, 


39 Degrees. 


— 


Co-sec.| M 

1702 430 10.2U01128] GO 
17127 90°628 430 10.091372/10.109600)10.200972! 59 
430 |10-091114/10.109702)10. 200816) 58 


9.890503 
9.890100 
9.890298 


1 |9.799028 


2 '19.799154 9.908586 


3 
4d 
5 
6 
7 
6 
9 


9.799339 
9.799495 
9.799651 


9.799806) 5. 
9.799962) 5. 


9.800117 


9.800272} 


9.890195 
9.890093 
9.889990 
9.889888 
9.889785| 
9.889682} 
9.889579 
9.889477 


9.909144 
9.909102 
9.909660 
9.909918 
9.910177 
9.919135 
1|2- 210693 
9.010951 


430 
430 
430 
430 
430 
430 


10.090856/10.109805/10. 200661 
10.090598/10. 109907 |10.200505 


10.090340)10. 
10.099082/10. 


110010 


110112; 


10.200349 
10.200194 


10.089823/10.110215/10. 200035 
10.089565]10.110318/10. 199883 
10.059307)10.110421/10.199725 


57 
56 
55 
54 
53 
52 
51 


9.800427 
9.800582 
9.800737 
13 [9.809892 ; 
14 9.801047] ¢ 
15 /9.801201 
16 |9.801356 
17 |9.801511 
18 |9.801665 
19 |9.801819) ; 
20 9.891973 
9.802128] . 
2 19. 802282! ¢- 
9.802436) 5... 
9.802589] ° 
9.802743 
9.802897] 5-¢ 
9.803050) >-,. 
9.803204 


10.089049/10.110523/10.199573) 50 
10.058791|10.110626/10.199418| 49 
10 .088533/10.110729110.199263! 48 
10.088276|10.110532|10. 199108] 47 
10 ,088018/10.110936/10.195953! 46 
10.087760'10.111039/10.198799| 45 
10.087502(10.111142|10. 198644) 44 
10.087244/10.111245/10.198489) 43 
10 .086986|10.111349]10.198335| 42 
10.086729/10.111452/10.195181! 41 
10 .08647110.111556/10.198027] 40 
10 .086213|10.111659|10. 1975721 39 
10.085956/10.111763/10.197718) 38 
10.085698|10.111866/19.197564! 37 
10.085440M10.111970|/10 197411] 36 
10.085183/10.112074|10.197257| 35 
10.084925/10.112178'10.197103] 314 
10.084668/10. 112282 10.196950| 33 
10.084410/10.112386(10.196796] 32 


bl 9.889374 
9.889271 
9.889168 
9.889064 
9.888961 
9.888858 
9.888755 
9.888651 
9.888548 
9.888444 
9.8883 41 
9.888237 
9.888134 
9.888030 
9.887926 
9.887822 
9.887718 
9.887614 


17y|9- 911209 
yal -OL14G7 
179|0- 911724 
“19 911982 
W7219 912240 
Lal -912498 
1799: 912756 
170913014 
72!9 913271 
Fea 92913529 
17319-913787 
13/0 214044 
bey 9914302 
173/09 14560 
173/09 L4817 
hae 915075 
Ty yl9-915332 
( S506 

1731/0 913599 


9.803357 
9.893511 


9.803664 


9.803817 
9.803970 
9.804123 


> 9.804428 


9.804581 


9.804734] 5° 
9.804886) - 
9.805039] | 
9.805191) ; 
9.805343} ; 


9.805495 
9.805647 
9.805799 
9.805951 
9.806103 


9.806254) ¢ 


9.896106 
9.806557 


51 19.806: 09 


9.806860 
9.807011 
9.807163 
9.807314 
9.897465 
9.807615 
9.807766 
9.807917 
\9.808067 


“M |Co-sine 


9.804276 


9.887510 
9.887406 
9.887302 
9.887198 
9.887093 
9.886989 
9.886885 
9.886780 
9.886676 
9.886571 
9.886466 
9.886362 
9.886257 
9.886152 
9.886047 
9.885942 
9.885837 
9.885732 
9.885627 
9.885522 
9.885416 
9.885311 
9.885205 
9.885100 
9.881994 
9.884889! 
9.884783 
9.884677 
9.884572! 
9. 8844166 
9.581369 


915847 

- 916104 
9.916362 
9.916619 
-916877 
917134 
917391 
.917648 
917905 
-915163 
-918420 
- 918677 

.918934 
919191 
- 919448 
-919705 
-919962 
-920219 
920476 
.920733 
.920990 
921247 

-921503 
921760 
-922017 
922274 
. 922530 
. 922787 
9.923044 
9.923300 

923557 


pBAooOossoeseosenunseeeseoeceS 


428 
4238 
428 
428 
425 
425 
428 
428 


50 Degrees, 


10.084153)10.112490)10.196643 
10.083596)10.112594}10.196489 


10 .083638|10.112698)10.196336 
10.083381/10.112802|10.196183 
10.083123)10.112907|10.196030 
10.082866|10.113011|10.195877 
10.082609)10.113115|10.195724 
10,082352)10.113220|10. 195572 
10.082095|10.113324/10.195419 
10.081837|10.113429)10. 195266. 
10.081580|10.113534|10.195114 
10.081323 10.113638/10.194961 
10.081666,10.113743/10. 194809 
10.080809,10.113848)10. 194657 
10.080552,10.113953/10. 194505 
10.080295/10.114058)10.194353 
10.050038 10.114163)10.194201 
10.079781)10.114268)10.194049 
10.079524,10.114373)10.193897 
10.079267,10.114478!10.193746 
10.079010 10.114584/10. 193594 
10.078753 10.114659)10. 193443 


10.078497,10.114795,10.193291 
10.078240 10.114900/10.193140 
(10.077983, 10.115006)10. 192989 
1007772610 .115111)10 192837 
10077470 10.115217 16. 192686 
10.077213 10.115323 10.192535 
10.076956 10.115428 10. 192385 
10.076700,10,115534)10, 192234 


10.076443 10.115640)10. 192083 


10.115746/10. 191933} . 


Co-sec. |Secant. 


3k 
30 | 
29 |j 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 


Cer nwmweaanrannm eo 


TABLE XXV. 
LOGARITHMIC SINES, TANGENTS, AND SECANTS. 


40 Degrees. 
D.| Tang. |Diff.) Co-tan. 


9. 883936 
9.883829 


“882121 


——| 180 


9.879855 
9.879746 
9.879637 
9.879529 
9.879420 
9.879311 
9.879202 


9.923096 
9.925352 


178\9 926378 


9.926634 
9.926890 
9.927147 
|9.927403 
9.927659 
9.927915 


178 
175 


6 |9 928427 
ao: 928683 
179|0-928940 
179|9- 929196 
17919929452 
17919929708 
17919929964 
17919930220 
1799930475 
17919930731 
[gol 230987 
1899931243 

9.931499 
9.931755 
9.932010 
9.932266 
9.932522 
9.932778 
9.933033 
9.933289 
9.933545 
9.933800 
9.934056 


9.934311 
9.934567 
9.934823 
9.935078 
9.935333 


180 
150 


9.936355 


189° 936610 


ae” 


ata 


49° Degrees. 


428 
428 
428 
427 
427 
427 
427 
427 
427 
427 
427 
427 
427 
427 
427 
427 
427 
427 
427 
427 
427 
427 
427 
A427 
427 
427 
427 
426 
426 
426 
426 
426 
426 
426 
426 
426 
426 
426 
4126 
426 
426 
426 
426 
426 
426 
426 
426 
426 
426 
426 
426 
426 
426 
425 
425 
425 
425 
425 


5) 425 


425 


ee, | ie | ef | ee 


10.076187|10. 
10.075930110. 
10.075673)/10. 
10.075417|10. 
10.075160/10. 
10.074904/10. 


10.074648/10. 
10.074391)10. 
10.074135/10. 
10.073878)10. 
10.073622/10. 


115746/10. 
115852/10. 
115958)10. 
116064)10. 


116171|T0. 
116277/10. 


116383/10 


116596) 
116703 
116809 


10. 
10. 
10. 


191933 


191782 
191632 
191481 
191331 
191181 


-191031 
116499)10. 


190881 


1n.| Secant.| Co-sec.| M 


10.073366)/10. 
10.073110)10. 
10.072853/10. 
10.072597/10. 
10.072341/10. 
10.072085/10. 
10.071829/10. 
10,071573|10. 
10.071317)10. 
10.071060)10. 


10.070804|10 


10.070548)10. 


10.070292/10 


116916]10. 
117023/10. 
117129/10. 
117236)10. 
117343/10. 
117450}10. 
117557}10. 
117664|10. 
117771|10. 
11787910. 


.117986]10. 
118093}10. 
-118201]10. 
10.070036)10. 
10.069780/10. 
10.069525/10. 
10.069269/10. 
10.069013/10. 
10.068757}10. 
10.068501/10. 


118308|10 


190282 
190132 
189983 
189833 
189684 
189535 
189386 
189237 
189085 
188939 
188790 
188642 
188493 


- 185345 
118416)10. 
118523)10. 
118631|10. 
118739)10. 
118847/10. 
118954/10. 


188196 
188048 
187900 
187752; 
187604 
187456 


. 187308 


-119062)10 


10.068245/10 


10.067990/10. 
10.067734/10. 
10.067478)/10. 
10.067222)10. 
10 .066967/10. 
10.066711/10. 
10.065455)10. 
10.066200}10. 
10. 065944|10. 


).065689/10. 


-065433)10 


-06.1411)10 
-061156)10 


10.063134/10. 
10.062879/10. 
10.062624/10. 


10.062368|10 


10.062113/10. 
10.061858]/10. 
10.061602/10. 
10.061347|10. 
10.061092/10. 
10.060837|10. 


Tang. 


-065177|10. 
.064922)10. 
-064667|10. 


-063900/10. 
-063645)}10. 
.063390/10. 


TI9I7O}10. 
119275)10. 
11938710. 
119495}10. 
119603)10. 
11y711)10. 
119820)10. 
119928)/10. 
120037|10. 


187160 
187012 
186865 
186717 
186570 
186422 
186275 
186125 
185981 


185834 


10.120145|10. 
.120254\10. 
120363)}10. 
120471/10v. 
120580}10. 
.120689}10. 
.120798|10. 
12090710. 
121016]10. 
121125/10. 


————— | —— Kr | 


121234/10. 
121344/10. 


121453/10 


122110)10 


185687 
185540 
185393 
185247 
185100 
184954 
184807 
184661 
184515 


181368 
184222 


- 184076 
-121562}10. 
121672)10. 
121781|10. 
121891)10. 
122001)10. 


183931 
183785 
183639 
183493 
183348 


- 183202 
122220/10. 


Co-sec. |Secant.| M 


183057 


190731 
190581 
190431 


2 


Ome NWO RATION ®DS 


TABLE XXV. | 151 
LOGARITHMIC SINES, TANGENTS, AND SECANTS. 


9.816943 
9.817088 
9.817233 
9.817379 
9.817524 
9.817668 
9.817813 
9.817958 
9.818103 
9.818247 
10 [9.818392 
11 9.818536 
12 |9.818681 
13 9.818825 
14 9.818969 
15 |9.819113 
16 (9.819267 
17 |9.819401 
18 [9.819545 
19 |9.819689 
20 |9.819832 
21 |9.819976 
22 19.820120 
23 |9.820263| ; 
24 |9.820406| 222 
25 |9.820550 
26 |9.820693 oe 
27 |9.820836 
28 |9.820979 
29 9.821122 
30 |9.821265 
31 |9.821407 
32 |9.821550 
33 |9.821693| 23° 


242 


242 


SONAR WNE OS 


oce 
ie 2) 
i) 

SD 
© 
~] 
~ 

in) 
Ww 
~~ 


9.822546 
9.822688 


9.822972 
9.823114 
44 (9.823255 
45 |9.823397 
46 (9.823539 

47 |9.823680 aon 
| 48 9.823821 
1 49 |9.823963 
50 9.824104 
“51 (9.824245 
52 9.824386 
53 |9.824527 
54 {9.824668 
55 |9.824808 
56 |9.824949 
57 |9.825090 
58 |9.825230 
59 |9.82537L 
GO 9.825511 


——— 


M |Co-sine 


9.822830 236 


9.876899 
9.876789 
9.876678 


9.875904 
9.875793 


9.874009 


9.872095 
9.871951 
9.871868 
9.871755 
9.871641 
9.871528 
9.871414 


41 Degrees. 
18310 ° 939163 425 
183 425 
183 425 
183 425 
183 425 
184 425 
184 425 
184 425 
184 425 
184 425 
184 425 
184 425 
184 425 
184 425 
185 425 
185 425 
185 425 
185 425 


9.944007 
9.944262 


9.919607 
|9.949862 


—_— 


48 Degrees. 


10 .047850|10.127905/10.275755| 9 


M | Sine. |Diff.|Co-sine.| D.| Tang. |Diff.| Co-tan.| Secant.|Co-sec.| M 


me fm ff | ef J 


10.060837/10.122220/10.183057| 60 
10.060582)/10.122330/10.182912| 59 
10.060327/10.122440/10.182767| 58 
10.060072/10.122550/10.182621| 57 
10.059817/10.122660/10.182476| 56 
10.059562)10.122770)10.182332| 55 
10.059306/10. 122880|)10.182187) 54 
10.059051)10.122990/10.182042) 53 
10.055796)10.123101/10.181897| 52 
10.058542)10.123211/10.181753) 51 
10.058286/10.123322/10.181608) 50 
10.058032)10. 123432/10.181464| 49 
10.057777|10.123543)10.181319] 48 
10.057522)10.123653]10.181175| 47 
10.057267|10.123764/10.181031| 46 
10.057012)10.123875/|10.180887} 45 
10 .056757)10.123986)10.180743| 44 
10.056502/10.124096/10.180599| 43 
10.056248/10.124207|10.1801455| 42 
10.055993/10.124315/10.180311| 41 
10.055738)10. 124429)10.180168| 40 


10 .055483)10.124541/10.180024; 39 
10.055229)10.124652/10.1798580| 38 
10.054974/10.124763|10.179737| 37 
10.054719/10.124874|10.179594| 36 
10.054465/10. 124986)10.179450) 35 
10.054210)10.125097|10.179307| 34 
10 .053955]10 . 125209)10.179164| 33 
10.053701}10.125320|10.179021| 32 
10.053446|10.125432)10.178878) 31 
10.053192}10.125544|10.178735) 30 
10 .052937|10.125656/10.175593) 29 
10.052652}10.125768)10.178450| 25 
10.052428)10.125879/10.178307| 27 
10.052174/10.125991|10.178165| 26 
10.051919)10.126104/10.178023) 25 
10.051664/10.126216)10.177850| 24 
10.051410)10.126328/10.177738) 23 
10.051156)10.126440}10.177596' 22 
10.050901)10.126552/10.177454| 21 
10.050647|10.126665|10.177312) 20 


10.050393)10.126777|10.177170| 19 
10.050138)10.126890/10.177028) 18 
10.049884)10.127002/10.176886| 17 
10.049630)10.127115|10.176745| 16 
10.049375/10 .127225/10.176603| 15 
10.019121/10.127341/10.176461| 14 
10,048867/|10.127453/10.176320| 13 
10.048612)10.127566/10.176179) 12 
10.048358)10.127679)10.176037; 11 
10.048104|10.127792/10.175896) 10 


10.047595/10.128019}10.175614 
10, 047341/10. 128132/10.175473 
10 .047087|10. 128245110. 175332 
10 .046833/10. 128359/10. 175192 
10 .046579|10.128472/10.175051 
10 .046325|10. 128586]10.174910 
10 .04G07 1/10. 128699!10. 174770 
10 .045817/10.128813|10.174629! 
10.045563/10.128927/10.174489] 0 


Tang. |Co-sec. |Secant. [a 


=r oh OHO © 


, ee 


ie aoe 


TABLE XXY. 
LOGARITHMIC SINES, TANGENTS, AND SECANTS. 


42 Degrees. 
‘Tang. 


152 


Secunt.| Co-sec. 


D. 


ay 


9.825511 
9.825651 
[9.825791 
9.825931 
9.826071 
9.826211 
9.826351 
9.826491 
9.526631 
9), 826770 
9.826910 


(9.827049 


234 


12 |9.827189) . 


9.827328 
9.827467 
{9.827606 
ih. 827745 
9.827584 
5 9.828023 
9.828162 
9.828301 

9.823439 
2 9.828578 
{9.828716 
9.825855 
9.828993 
9.829131 
9.829269 
9.829407 
29 19.8295 45 
30 |9.829683 
31 |9.829521 
32 9.829959 
33 |9.830097 
34 |9.830234 
35 |9.830372 
36 |9.830509 
37 |9.830646 
38 (9.830784 
40 (0.831058 


26 
27 
23 


832561 
-832697 
9.832833 
532969 
833105 
-833211 
.$33377 
9.833512 
- 8336418 
_{9. Sm 


Ccooeovonoove 


Sine. | Diif.|Co-sine. 


9.867631 


9.867515 


9.867399 
9.867283 
9.867167 
9.867051 
9.866935 
9.866819 
9.866703 
9.866586 


9.866470 


9.865887 
9.865770 
9.865653 
9.865536 
9.865419 
9.865502 


- 865185 


. 865068 
.861950 
.864833 
864716 
.864598 
.864481 
.864363 
864245 
.864127 
Sine. 


190 
190 
190 


oS > RD he 


Pe aD 2 o54437| oe 
9.951691 
9.954945 
9.955200 
9.955454 
9.955707 
9.955961 


(9.956215 


9.956469] 
9.956723 
9.956977 


9.957231 
9.957485 
9.957739 
9.957993 
9.958246 
9.958500 
9.958754 


9 959008 


5\9.959262 
9.959516 

. 959769 
. 960023 
.960277 
.960531 
.960784 
.961038 
.961291 
961545 
. 961799 
. 962052 
9.962306 
9.962560 
5|9.962813] 4. 
5|9.963067| 4.: 
39963320 


“19. (964335 
9.964588 
9.964542 
9.965095 
4|9- 965349 
“19. 965602 
~|9.965855 
9.966109 


319: 966362 


lo. 966869 


5|9. 967123 


° 19967376 
. 967629 
9.967853 
- 968136 
- 968389 


9.968643 


- 968896 
- 969149 
- 969103 
- 969656 


Co-tan. 
47 Degrees. 


(Dit) Co-tan. |S ; 


10. 045563 10. 


10.045309.10. 
10045055 10. 
10.044800 10. 


10,044546 10. 
10.044293 10. 
10.044039 10. 


10.043785 110. 
10. 
10. 043277'L0. 
10.043023'10. 


10.042769 10. 
10.042515,10. 

10. 
10. 
10. 
10. 
10.041246 10. 


10.043531 


10.042261 
10.042007 
10.041754 
10.041500 


| 


10.040992,10. 
10. 
10. 


-131330/10 
131445|10. 
13156010. 
131676|10. 
131791/10. 
131907}10. 
132022/10. 
132138}10. 
132253/10. 


10040738, 


10.040484 
10.040231 
10.039977 


10 


.128927/10 


129040|10. 
129154)10. 
129268]10. 
129382)10. 
129496|10. 
129610}10. 
129724)10. 
129839|10. 
12995310. 
130067|10. 


- 174489 


174349 
174209 
174069 
173929 
173789 
173649 
173505 


173230] ¢ 
173090) ¢ 


10. 
10.039723/10. 
10.039469)10. 
10.039216)10. 
10 .038962)10. 
10.038709|10. 
10.038455|10. 
10.038201/10. 


130152/10. 
130296/10. 
130411{10. 
130526)10. 
1306 10/10. 
130755/10. 
130870/10. 
130985|10. 
131100/10. 
131215/10. 


-171561 


10.037918/10.132 
10.037694/10.132485|10. 171 
10.037440)1%.132601/19. 
10.037187 


369/10. 


10.132717|10. 
10 .036933)10 .132833)10. 
10.036680/10.132949/10. 
10.036426)10.133065/10. 
10.036173/10.133181/10. 
10.035919/10.133297/10. 
10.035665|10.133414]10. 
10.035412/10.133536110. 


10.035158|10.133647|10. 
10.034905/10.133763)10. 
10.034651)10.133880)/10. 
10.034398/10.133996)10. 
10.034145)10.134113/10. 
10.033891}10.134230/10. 
10.033638)}10.134347/10. 
10 .033384/10.134464/10. 
10.033131|10.134581}10. 
10 .032877/10.134698/10. 


172951 


172811 
172672 
172533 
172394 
172255 
172116 
171977 
171838 
171699 


171422 
171284 
171145 
171007 
170869 
170731 
170593 
170455 
170317 


170179! 29° 


170041 
168903 


169766} 26 


169628 
169491 


168668 
168531 
168394 
168258 
168121 


10.032624/10.134815/10. : 


10.032371|10.134932/10. 
10.032117|10.135050)10. 
10.031864|10.135167/10. 
10.031611|10.135284/10. 
10.031357/10.135402)/10. 
10.031104/10.135519)10. 
10.030851}10.135637|10. 
10.030597/10.135755/10. 
10.030344/10.135873)10. 


= D Ss 


W 


— 


9.833919 
9.834054 
9.834189 
9.834325 
9.834460 
9.834595 
9.834730 
9.834865 
9.834999 
9.835134 
9.835269 
9.835403 
9.835538 
14 |9.835672 
15 |9.835807 
16 |9.835941 
17 |9.836075 
18 (9.836200 
19 |9.836343 
20 |9.836177 
21 |9.836611 
22 |9.836745 
23 |9.536878 
24 |9.837012 
25 |9.837146 
26 |9.837279 
27 |9.837412 
28 |9.837546 
29 |9.837679 
30 |9.837812 
31 |9.837915 
32 |9.838078 
33 |9.838211 
34 |9.838344 
35 |9.838177 
36 |9.838610 
37 |9.838742 
38 9.838875 
39 |9.839007 
40 |9.839140 
41 |9.839272 
42 |9.839104 
43 
44 
45 
46 


Vole > Bork Me Ma) 


eid 
1 
12 
18 


9.839668 
9.839800 
9.839932 
9.840064 
9.840196 
9.849328 
9.840459 


9.840591 


9.841771 
M |Co-sine} 


9.839536) ; 


Sine. | Diff.|Co-sine. 


9.864127 
9.864010 
9.863892 
9.863774 
9.863656 
9.863535 
9.863419 
9.863301 
9.563183 
9.863064 
9.862946 


9.862827 


9.862709 
9.862590 


9.860682 
9.860562 


9.860442 


9.860322 
9.860202 


9.860082) | 


9.859962 
9.859842 
9.859721 
9.859601 
9.859480 
9.859360 


9.859239) - 


9.859119 
9.858998 
9.858877 
9.858756 
9.858635 
9.858514 
9.858393 
9.858272 
9.858151 


9.858029 


9.857908 
9.857756 
9.857665 
9.857543 
9.857422 
9.857300 
9.857178 
9.857056 
9.856934 


Sine. 


TABLE XXV. 
LOGARITHMIC SINES, TANGENTS, AND SECANTS. 


197 
197 
197 
197 


43 Degrees. 
D.| ‘Vang. |Diff, Co-tan.| Secant.| Co-sec.| M 


—— |__| ————————- | | | | | | esse 


196) 
196|2 969909 


9.969656 


9.970162) 43. 
9.970416 
9.970669 
9.970922 
9.971175 


9.971935 
9ui9-972188 
9.972441 
9.972694 
9.972948 
9.973201 
9.973454 
19 973707 
Loci9-973960 
Fogo 974213 
9g (9 974466 
19g 82974719 
199(9 974973 
9/9 975226 
9.975479 
9.975732 
9.975985 
9'9 976238 
9!9 976491 
9.976744 
9.976997 
9.977250 
9.977503 


200 


202 
202 
202 
202 


202!9 983067 


202 
203 


0, |9-983826 
9.984079 


203 


9 2977756 
9.978009 
9.978262 
9.978515 
9.978768 
9.979021 
9.979274 
9.979527 


9.982056 
9.982309 
9.982562 
9.952814 


9.983320 
9.983573 


ef | | | | | 


Co-tan. 


46 Degrees. 


10.030344)10.135873/10. 166217 
10.030091/10.135990/10.166081 


10.029838/10.136108}10.165946) ¢ 


10,029584|10.136226)10. 165811 
10.029331/10.136344/10. 165675 


10.029078/10.136462/10 
10.028825/10.136581)/10 
10.028571/10.136699/10 


- 165540 
- 165405 
- 165270 


10.028318/10.126517)|10. 165135 


10.025065/10.136936)10 
10.027812/10.137054}10 


- 165001 
- 164866 


10. 02755910. 13717310. 164731 


10.027306/10.137291}10 


- 164597 


10.027052|10.137410}10. 164462 


10.026799/10.137529/10 
10.026546)10.137647/10 
10.026293|10.137766/10 
10.026040)10.137885)10 
10.025787/10.138005/10 
10.025534/10.138123]10 
10.025251/10.138242/10 


- 164328 
- 164193 
- 164059 
- 163925 
- 16379) 
- 163857 
- 163523 


10.025027/10. 138362]10.163389| ; 


10.024774)10.138481|10 


- 163255 


10.024521)10.138600]10. 163122 


10.024268)10.138720)10 


- 162988 


10 .024015/10.138539)10. 162854 


10.023762/10.138959/10 
10 .023509/10.139078)10 
10.023256/10.139198)10 


- 162721 
- 162588 
- 162454 


10.023003/10.139318]10. 162321 


10 .022750/10.139438/10 


- 162185 


10.022497/10.139558/10. 162055 


10.922244/10.139678110 


10.021991|10.139798 
10.021738/10.139918 
10.021485|10. 140038 
10.021232/10.140158 
10.020979)10. 140279 
10.020726/10.1403S9 
10.020473/10. 140520 
10.02022u0(10. 140649 
10.019967|L0.140761 
10.019714/10. 140881 
10.019462/10.141002 
10.019209]10.141123 
10.018956]10.141244 
10.018703]10. 141365 
10.018450/10.141486 
10.018197|10. 141607 
10.017944|10.141728 
10.017691|10.141849 
10.017438/10.141971 
10.017186|10. 142092! 
10.016933/10.142214 
10.016680}10. 142335 
10.016427/10. 142457 
10.016174|10.142578 
10.015921/10.142700 
10.015669!10. 142822 
10.015416)10. 142044) 
10.015163/10. 143066 


| 


U 


- 161922 
10.161789 
10.161656 
10.161523 
10. 161390 
10.161258 
10.161125 
10.160993 
10. 160860 


10.160728 


10.160596 
10.160464 
10.160332 
10.160200 
10.160068 
10.159936 
10.159804 
10.159672 
10.159541 


10.159409 


10.159278 
10.159146 
10.159015 
10.158884 
10.158753 
10.158622 
10.158491 
10.158360 
10.. 158229 


——$—$$ 


Secant. 


- — 


M 


154 


TABLE XXV. 


LOGARITHMIC SINES, TANGENTS, AND SECANTS. 


é 


mM | Sine. 


Diff.|/Co-sine. 


44 Degrees. 


D.| Tang. |Diff.| Co-tan. | Secant.|Co-sec. | M 


2)  , a a” A ee 


9.841771 
9.841902 


OBNAaahwne oo 
© 
ios) 
ss 
i) 
_ 
tS 
me 


34 (9.846175 
35 |9.846304 
36 |9.846432 


50 {9.848218 


51 |9.848345 
52 {9.848472 
53 |9.848599 


— -| ——_—_——_ — 


9.854356 
9.854233 
9.854109 
9.853986 
9.853562 
9.853738 
9.853614 
9.853490 
9.853366 
9.853242 
9.853118 
9.852994 


9.984837 
0a |9+985090 
(9985343 
501985596 
a {9985848 
op 4|9-986101 
pi |0* 986354 
50 4|9 986607 
50 1(2 286800 
Sodio 987112 

9.987365 


9.987618 
3a 9.987871 
pa |9- 988123 
7p, |9-988376 

9.988629 
9.988882 
205/9 989134 
9.989387 
pe |9-989640 
06/9 989893 


9.990145 
206/19 990398 


10.015163/10.143066/10. 155229 
10.014910/10.143185)10. 158098 
10.014657/10.143310|10.157967 
10.014404/10.143432}10. 157837 
10.014152)10.143554/10. 157706 
10.013899/10 , 143677 |10. 157576 
10.013646)10.143799|10.157445 
10.013393/10.143922|10.157315 
10.013140|10.144044/10.157185 


60 
59 
538 
57 
56 
55 
54 
53 
52 


10.012888/10.144167|10.157054) 51 
10.012635)10.144289)10.156924| 50 


10.012382110.144412)/10. 156794 
10.012129/10.144535/10. 156664 
10,011877/10.144658)10. 156534 
10.011624)10.144781,10. 156405 
10.011371]10.144904|10. 156275 
10.011118/10.145027/10.156145 
10,010866)10.145150/10. 156016 
10.010613}10.145273/10. 155886 
10.010360|10.145397|10.155757 
10.010107}10.145520)10 . 155628 


10.009855]10.145644/10.155495| 39 |} 


10.009602/10.145767/10.155369 
10,009349)10.145891)10.155240 
10.009097/10.146014|10.155111 
10 .008844/10.146138/10. 154982 
10.008591}10 . 146262/10. 154853 
10 ,.008338)10.146386)10.154724 
10.008086\10. 146510/10. 154595 
10.007833}10.146634/10. 154467 
10.007580}10.146758/10. 154338 


49 
48 
47 
46 
45 
44 
43 
42 
41 
40 


38 


‘37 


36 
35 
34 
33 
32 
31 
30 


10.007328)10.146882/10.154210} 29 


10.007075(10.147006)10. 154081 
10.006822)10.147131/10.153953 
10.006570}10.147255)10. 153825 
10.006317/10.147380/10. 153696 
10. 006064/10.147504/10. 153568 
10..005811)10.147629/10. 153440 
10.005559}10.147753/10. 153312 
10.005306}10.147878]10.153184 
10.005053)}10.148003/10. 153056 


28 
27 
26 
25 
24 
23 
22 
21 
20 


10.004801}10.148128/10.152929) 19 


10.004548}10.148253/10.152801 
10.004295)10.148378/10.152673 
10.004043)10.148503/10.152546 
10.003790)10. 148628)10.152418 
10.003537/10.148754/10.152291 
10.003285/10.148879)10.152164 
10.003032/10.149004/10. 152036 
10.002779}10. 1L49130/10. 151909 
10.002527/10.149255)10.15178 


10.002274|10.149381|10. 151655 
10.002021)10.149507|10.151528 
10.001769)10. 149632/10.151401 
10.001516)10.149758)10.151274 
10.001263/10.149884|10.151145 
10.001011/10.150010|10. 151021 
10.000758]10. 150136}10. 150894 
10.000505/10. 150262/10. 150768 
10 .006253/10.150389/10. 150641 
10.000000/10.150515|10. 150515 


18 
17 
16 
15 
14 
13 
12 
11 
10 


Se NHwWhRAAND SO 


—_-—— 
eee ee ee ee ee ee eee 


45 Degrees. 


000000 
000291 


000573 
001164 
001454 
001745 
002036 
002327 
002618 
002909 
003200 
003491 
003782 
004072 
004363 
094654 
004945 
005236 
005527 
005818 


nronunawwnwe|Z 


1° 


017452 


017743 


000582 | 018034 
: 018325 
| 018616 


0189907 
019197 
019488 
019779 
020070 
020361 
020652 
020942 
021233 
021524 
021815 
022106 
022397 
022687 
022978 
023269 


TABLE XXYVI.--——NATURAL SINES. 


034899 
035190 
035481 
035772 
036062 
036353 
036644 
036934 


| 037225 


037516 
037806 
038097 
038355 
038678 
038969 
039260 
039550 
039841 
040132 
040422 
040713 


3° 
052336 
052626 
052917 
053207 
053498 
053788 
054079 
054369 
054660 
054950 
055241 
055531 
055822 
056112 
056402 
056693 
056983 
057274 
057564 
057854 
058145 


069756 
070047 
070337 
070627 
070917 
071207 
071497 
071788 
072078 
072368 
072658 
072948 
073238 
073528 
073818 
074108 
071399 
074689 
074979 
075269 
075559 


5° 


087446 
087735 
088025 
088315 
088605 
088894 
089184 
089474 
089763 
090053 


090343 
090633 
090922 
091212 
091502 
091791 
092081 
092371 
092660 
092950 


104528 
104818 
105107 
105396 
105686 
105975 
106264 
106553 
106843 
107132 
107421 


107999 
108289 
108578 
108867 
109156 
109445 
109734 
110023 
110313 


121869 
122158 
122447 
122735 
123024 
123313 
123601 
123890 
124179 
124467 
124756 
125045 
125333 
125622 
125910 
126199 
126488 
126776 
127065 
127353 
127642 


139173 
139461 
139749 
1400387 
140325 
140613 
140901 
141189 
141477 
141765 
142053 
142341 
142629 
142917 
143205 
143493 
143780 
144068 
144356 
144644 
144932 


156434 
156722 
157009 
157296 
157584 
157871 
158158 
158445 
158732 
159020 
159307 


150594 
159581 
160168 
160455 
160743 
161030 
161317 
161604 
161891 
162178 


—_—___.. | ——— | ———_——_ | | 
a | (FF 
od 


006109 
006399 
006690 
006981 
007272 
007563 
007854 
008145 
008436 
008727 
009017 
009308 
009599 
009890 
010181 
010472 
010763 
011054 
011344 
011635 


011926 
012217 
012508 
012799 
013090 
013380 
013671 
013962 
014253 
014544 


014835 


015126 
015416 
015707 
015698 
}| 016289 
016580 
016871 
017162 
017452 


ito 1007 ; 


023560 
023551 


024141 


02.1432 
024723 
025014 
025305 
025595 
025886 
026177 
026468 
026759 
027049 
027340 
027631 
027922 
028212 
028503 
028794 
029085 


029375 
029666 
029957 
030248 
030539 
030529 
031120 
031411 
031702 
031992 
032253 
032574 
032864 
033155 
033446 
033737 
034027 
034318 
034609 
034899 


041004 
041294 
041585 
041576 
042166 
042457 
042748 
043038 
043329 
043619 


043910 
044201 
044491 
044782 
045072 
015363 
045654 
015944 
046235 
046525 
046816 
047106 
047397 
017688 
047978 
048269 
048559 
048850 
049140 
019431 


049721 
050012 
050302 
050593 
050883 
051174 
051464 
051755 
052045 
052336 


058435 
058726 
059016 
059306 
059597 
059887 
060177 
060468 
060758 
061049 


061339 
061629 
061920 
062210 
062500 
062791 
063081 
063371 
063661 
063952 
064242 
064532 
064823 
065113 
065403 
065693 
065984 
066274 
066564 
066854 


067145 


067435 
067725 
068015 
068306 
068596 
068886 
069176 
069166 
069756 


075849 
076139 
076429 
076719 
077009 
077299 
077589 
077879 
078169 
078459 


078749 
079039 
079329 
079619 
079909 
080199 
080489 
080779 
081069 
081359 


081649 
081939 
082228 
082518 
082808 
083098 
083388 
083678 
083968 
084258 


084547 
084837 
085127 
085417 
085707 
085997 
086286 
086576 
086866 
087156 


093239 
093529 
093819 
094108 
094398 
094687 
094977 
095267 
095556 
095846 


096135 
096425 
096714 
097004 
097293 
097583 
097872 
098162 
098451 
098741 


099030 
099320 
099609 
099899 
100188 
100477 
100767 
101056 
101346 
101635 
101924 
102214 


Diff. t 485| 485 484 | 484 | 483 | 483 


110602 
110891 
111180 
111469 
111758 
112047 
112336 
112625 
112914 
113203 


113492 
11378] 
114070 
114359 
114618 
114937 
115226 
115515 
115804 
116093 


116382 
116671 
116960 
117249 
117537 
117826 
118115 
118404 
118693 
118982 


119270 
119559 
119848 
120137 
120426 
120714 
121003 
121292 
121581 
121869 


127936 
128219 
128507 
128796 
129084 
129373 
129661 
129949 
130238 
130526 
130815 
131163 
131391 
131680 
131968 
182256 
132545 
132833 
133121 
133410 


133698 
133986 
134274 
134563 
134851 
135139 
135427 
135716 
136004 
136292 


136580 


136868 
137156 
137445 
137733 
138021 
138309 
138597 
138885 
139173 


145220 
145507 
145795 
146083 
146371 


148097 
148385 
148672 
148960 
149248 
149535 
149823 
150111 
150398 
150686 


150973 
151261 
151548 
151836 
152123 
152411 
152698 
152986 
153273 
153561 


153848 
154136 
154423 
154710 
154998 


162465 


162752 |; 


163039 
163326 
163613 
163900 
164187 
164474 
164761 
165048 
165334 
165621 
165908 
166195 
166482 
166769 
167056 
167342 
167629 
167916 


168203 
168489 
168776 
169063 
169350 
169636 
169923 
170209 
170496 
170783 
171069 
171356 
171643 
171929 
172216 
172502 
172789 
173075 
173362 
173648 


OCOmpwnaranrtm oj 


K4 


10° 
173648 
173935 
174221 
174508 
174794 
175080 
175367 
175653 
175939 
176226 
176512 
‘11 | 176798 
177085 
177371 
177657 
177944 
178230 
178516 
178802 
179088 #196231 | 213315 
179375 


TAM 222 
190809 
191095 | 208196 
191380 | 208481 
191666 | 208765 
191951 | 209050 
192237 | 209334 
192522 | 209619 
192807 | 209903 
193093 | 210187 
193378 | 210472 
193664 | 210756 


194234 | 211325 
194520 | 211609 
194805 | 211893 
195090 | 212175 
195376 | 212462 
195661 | 212746 
195946 | 213030 


196517 | 213599 


179661 
179947 
180233 
180519 
180805 
181091 
181377 
181663 
181950 
182236 


196802 | 213883 
197087 | 214167 
197372! 214451 
197657 | 214735 
197942 | 215019 
198228 | 215303 
198513 | 215588 
198798 | 215872 
199083 | 216156 
199368 | 216440 


193949 | 211040 | 228068 


——— a 


13%) 14? 


207912 | 224951 | 241922 


225234 
225518 
225801 
226085 
226368 
226651 
226935 
227218 
227501 
227784 


242204 
242486 
242769 
243051 
243333 
243615 
243897 
244179 
244461 


245025 
245307 
245589 
245871 
246153 
246435 
246717 
246999 
247281 
247563 


228351 
228634 
228917 
229200 
229484 
229767 
230050 
230333 
230616 


230899 | 247845 


231182 
231465 
231748 
232031 
232314 
232597 
232880 
233163 
233445 


248126 
248408 
248690 
248972 
249253 
249535 
249817 
250098 
250380 


244743 


TABLE XXVI.--—NATURAL SINES. 


15° 


258819 


259100 
259381 
259662 
259943 
260224 
260505 
260785 
261066 
261347 
261628 


179° 
292372 
292650 
292928 
293206 
293484 
293762 
294040 
294318 


16° 
275637 
275917 
276197 
276476 
276756 
277035 
277315 
277594 
277874 
278153 
278432 


294874 
295152 


294596 | ¢ 


18° 
309017 
309294 
309570 
309847 
310123 
310400 


19° Iu 
325568 
325843 
326118 
326393 
326668 
326943 
327218 
327493 
327768 
328042 
328317 


261908 
262189 
262470 
262751 
263031 


278712 
278991 
279270 
279550 
279829 


295430 
295708 
295986 
296264 
296542 
296819 
297097 
297375 
297653 
297930 


312059 
312335 
312611 
312588 
313164 
313440 
313716 
313992 
314269 
314545 


328592 
328867 
329141 
329416 
329691 


267238 


281504 
281783 
282062 
282341 
282620 
282900 
283179 
283457 
283736 
284015 


298208 
298486 
298763 
299041 
299318 
299596 
299873 
300151 
300428 
300706 


314521 
315097 
315373 
315649 
315925 
316201 
316477 
316753 
317029 
317305 


_ S 
ee | 
a 

— 


182522 
182808 
183094 
183379 
183665 
183951 
184237 
184523 
184809 
185095 


199653 ! 216724 
199938 | 217008 
200223 | 217292 
200508 | 217575 
200793 | 217859 
201078 | 218143 
201363 | 218427 
201648 | 218711 
201933 | 218995 
202218 | 219279 


250662 
250943 
251225 
251506 
251788 
252069 
252351 
252632 
252914 
253195 


234011 
234294 
234577 
234859 
235142 
235425 
235708 
235990 
236273 


267519 
267799 
268079 
268359 
268640 
268920 
269200 
269480 
269760 
270040 


300988 
301261 
301538 
301815 
302093 
302370 
302647 
302924 
303202 
303479 


284573 
284852 
285131 
285410 
285688 
285967 
286246 
286525 
286803 


317580 
317856 
318132 
318408 
318684 
318959 
319235 
319511 
319786 
320062 


= 


* 


333533 


334081 
334355 
334629 
3341903 
335178 
335452 
335720 


336274 | 21 
336547 | 20 


——— | | | "J LL 
——————.] 
ee —_ 

— 


185667 
185952 
186238 
186524 
186810 
187096 
187381 
187667 
187953 


188524 
188810 
189095 
189381 
189667 
189952 
190238 
190523 
190£09 


79° 


202502 
202787 
203072 
203357 
203642 
203927 
204211 
204496 
204781 
205065 


219562 
219846 
220130 
220414 
220697 
220981 
221265 
221548 
221832 
222116 
222399 
222683 
222967 
223250 
223534 
223817 
224101 
224384 
224668 


205635 
205920 
206204 
206189 
206773 
207058 
207343 
207627 
207912 


100.1 Fa? 


224951 


236556 
236838 
237121 
237403 
237686 
237968 
238251 
238533 
238816 
239098 


253477 
253758 
254039 
254321 
254602 
254883 
255165 
255446 
255727 
256008 
239351 
239663 
239946 
240228 
240510 
210793 
241075 
241357 
241640 
241922 


76° 


256289 
256571 
256852 
257133 
257414 
257695 
257976 
258257 
258538 


258819 
75° | 74° | 


270320 
270600 


273120 
273400 
273679 
273959 
274239 
274519 
274798 
275078 
275358 
275637 


303756 
304033 
304310 
304587 
304864 
305141 
305418 
305695 
305972 
306249 


287361 
287639 
287918 
288196 
288475 
288753 
289032 
289310 
289589 
289867 
290145 
290424 
290702 
290981 
291259 
291537 
291815 


306526 
306803 
307080 
307357 
307633 
307910 
308187 
308464 
292094 | 308740 
292372 | 309017 


Tae" | War 


320337 
320613 
320889 


321164 (337643 


321439 
321715 
321990 
322266 
322541 
322816 
323092 
323367 
323642 
323917 
324193 
324468 
324743 
325018 
325293 
325568 


71° 


336821 19 | 
337095 | 18 
337369 | 17 
16 
15 
14 


337917 
338190 
338464 
335738 
339012 
339285 
339559 
339832 
340106 
3140380 
340653 
340927 
341200 
341473 
341747 
342020 


ie SS ea 


Diff. 2 
to 100” § 


Natural Co-sines. 
a77| 475 | 473 | 471 | aco | 467 | 405 | 462 | 460 | as7 | 
a 


oe 


a a 


TABLE XXVI.-———-NATURAL SINES. 157 | 
21° | 22° | 23°. | 24° | 25° | 269 28° | 


358368 | 374607 | 390731 | 406737 | 422618 | 438371 | 453990 | 469472 | 484810 | 60 ; 
358640 | 374876 | 390999 | 407002 | 422882 | 438633 | 454250 | 469728 | 485064 | 59 


y+ 


M| 20° 


342020 
312293 
342567 | 358911 
342840 | 359183 
343113 | 359454 
343387 | 359725 
313660 | 359997 
343933 | 360268 
344206 | 360540 
344479 | 360811 
10 | 344752 | 361082 


a 
_- 


1) | 345025 | 361353 
12 | 345295 | 361625 
13 | 345571 | 361896 
14 | 345844 | 362167 | 378379 | 394477 
15 | 346117 | 362438 | 378649 | 394744 
16 | 8346390 | 362709 | 378918 | 395011- 
17 | 346663 | 362980 | 379187 | 395278 
18 | 346936 | 363251 | 379456 | 395546 
1 19 | 347208 | 363522 | 379725 | 395813 
20 | 347481 | 363793 | 379994 | 396080 


21 | 347754 | 364064 | 380263 | 396347 
22 | 348027 | 364335 | 380532 | 396614 
23 | 348299 | 364606 | 380801 | 396881 


375146 | 391267 | 407268 | 423145 | 438894 | 454509 | 469985 | 485318 | 58 
375416 | 391534 | 407534 | 423409 | 439155 | 454768 | 470242 | 485573 | 57 
375685 | 391802 | 407799 | 423673 | 439417 | 455027 | 470499 | 485827 | 56 
375955 | 392070 | 408065 | 423936 | 439678 | 455286 | 470755 | 486081 155 
376224 | 392337 | 408330 | 424199 | 439939 | 455545 | 471012 | 486335 | 54 
376194 | 392605 | 408596 | 424463 | 440260 | 455804 | 471268 | 486590 | 53 
376763 | 392872 | 408861 | 424726 | 440462 | 456063 | 471525 | 486844 | 52 || 
377033 | 393140 | 409127 | 424990 | 440723 | 456322 | 471782 | 487098 | 51 
377302 | 393407 | 409392 | 425253 


Dawraanerrol 


410954 | 456580 | 472038 | 487352 | 50 


409658 | 425516 | 449245 | 456839 | 472294 | 487606 | 49 
409923 | 425779 | 441506 | 457098 | 472551 | 487860 | 48 
410188 | 426042 | 441767 | 457357 | 472807 | 488114 | 47 
410454 | 426306 | 442028 | 457615 | 473063 | 488367 | 46 
410719 | 426569 | 442289 158133 473576 488621 | 45 


Cf , 


377571 | 393675 
377841 | 393942 
378110 | 394209 


410984 | 426532 | 442550 | 458133 | 473576 | 488875 | 44 
411249 | 427095 | 442810 | 458391 ! 473832 | 489129 | 43 
411514 | 427358 | 443071 | 458650 | 474088 | 489382 | 42 
411779 | 427621 | 443332 | 458908 | 474344 | 489636 | 41 
412045 | 427884 | 443593 | 459166 | 474600 | 459890 | 40 


——$—$ | | i fl LN, fee 


412310 | 428147 | 443853 | 459425 | 474856 | 490143 | 39 
412575 | 428410 | 444114 | 459683 | 475112 | 499397 | 38 
412840 | 428672 | 444375 | 459942 | 475368 | 490650 | 37 
413104 | 428935 | 444635 | 460200 | 475624 | 490904 | 36 
413369 | 429198 | 444896 | 460458 | 475880 | 491157 | 35 
413634 | 429461 | 445156 | 460716 | 476136 | 491411 | 34 
413899 | 429723 | 445417 | 460974 | 476392 | 491664 | 33 
414164 | 429986 | 445677 | 461232 | 476647 | 491917 | 32 
414429 | 430249 | 445937 | 461491 | 476903 | 492170 | 31 
414693 | 430511 | 446198 | 461749 | 477159 | 492424 | 30 


——___——- 
— 


24 | 348572 | 364877 | 381070 | 397148 
25 | 348845 | 365148 | 381339 | 397415 
26 | 349117 | 365418 | 381608 | 397682 
27 | 349390 | 365689 | 381877 | 397949 
28 | 349662 | 365960 | 382146 | 398215 
29 | 349935 | 366231 | 382415 | 398482 
30 | 350207 | 366501 | 382683 | 398749 


SS 
—— 


31 | 350480 | 366772 
32 | 350752 | 367042 
33 | 351025 | 367313 
34 | 351297 | 367584 
35 | 351569 | 367854 
t| 36 | 351842 | 368125 
11 37 | 352114 | 368395 | 384564 | 400616 


382952 | 399016 | 414958 
415223 
415487 
415752 
416016 
416281 


416545 


430774 | 446458 | 462007 | 477414 | 492677 | 29 
431036 | 446718 | 462265 | 477670 | 492930 | 28 
431299 | 446979 | 462523 | 477925 | 493183 | 27 
431561 | 447239 | 462780 | 478181 | 493436 | 26 
431823 | 447499 | 463038 | 478436 | 493689 | 25 
432086 | 447759 | 463296 | 478692 | 493942 | 24 
432248 | 448019 | 463554 | 478947 | 494195 | 23 
38 | 352386 | 368665 | 384832 | 400882 | 416810 | 432610 | 448279 | 463812 | 479203 | 494448 | 22 


ae 
39 | 352658 ce 401149 | 417074 | 432873 | 448539 | 464069 | 479458 | 494700 | 21 


383490 | 399549 
383758 | 399816 
384027 | 400082 
384295 | 400349 


40 |352931 | 369206 | 385369 | 401415 | 417338 | 433135 | 448799 | 464327 | 479713 | 494953 | 20 
FT| 353203 | 369476 | 385638 | 401651 | 417603 | 433397 | 449059 | 464584 | 479968 |495206119 


42 | 353475 | 369747 | 385906 | 401948 | 417867 | 433659 | 449319 | 464842 | 480223 | 495459 |18 
43 | 353747 | 370017 | 386174 | 402214 | 418131 | 433921 | 449579 | 465100 | 480479 | 495711 | 17 
t| 44 | 354019 | 370287 | 386443 | 402480 | 418396 | 434183 | 449839 | 465357 | 480734 | 495964 | 16 
45 | 354291 | 370557 | 386711 | 402747 | 418660 | 434445 | 450098 | 465615 | 480989 | 496217 | 15 
46 | 354563 | 370828 | 386979 | 403013 | 418924 | 434707 | 450358 | 465872 | 481244 | 496469 | 14 
47 | 354535 | 371098 | 387247 | 403279 | 419158 | 43.4969 | 450615 | 466129 | 481499 | 496722 | 13 
48 | 355107 | 371368 \ 387516 | 403545 | 419452 | 455231 | 450878 | 466387 | 451754 | 496974 | 12 
49 | 355379 | 371638 |387784 | 403811 | 419716 | 435493 | 451137 | 466644 | 482009 | 497226} 11 
50 | 355651 | 371908 | 388052 | 404078 419980 | 435755 451397 | 466901 | 482263 ! 497479 | 10 


B11 355923 | 72178 | 388320 | 404344 | 4202.44 | 436017 | 451656 | 467158 | 482518 | 497731 

52 | 356194 | 372448 '38858s | 404610 420508 | 436278 | 451916 | 467416 | 482773 | 497983 
53 | 356466 | 372718 | 388856 | 404876 | 420772 | 436540 | 452175 467673 | 483028 | 498236 
54 | 356738 | 372988 | 389124 | 405142 | 421036 | 436802 | 452435 | 467930 | 463282 | 498488 
55 | 357010 | 373258 | 389392 | 405408 | 421300 | 437063 | 452694 | 468187 | 483537 | 498740 
56 | $57281 | 373528 | 389660 | 495673 | 421563 | 437325 | 452953 | 468444 | 483792 | 498992 
57 | 357553 | 373797 | 389928 | 405939 | 421827 | 437587 | 453213 | 468701 | 484946 | 499244 
K8 | 357825 | 374067 | 390196 | 406205 | 422091 | 437848 | 453472 | 468958 | 484301 | 449196 
RQ | 358096 | 374337 | 390463 | 406471 | 422355 | 438110 | 453731 | 469215 | 48.1555 | 499748 
60 | 358368 | 374607 | 390731 | 406737 | 422618 | 438371 | 453990 | 469472 | 484810 | 500000 


™| 69° | 68° | 67° | 66° | 65° | G4° | 63° | 62° | 61° | 60° 
Natural Co-siies. 


Zloemwaaoroc 


Hraoor, 454] 451 | 448 | | 430 | 426 | 
taxon 454] 451 | 448 | 445 | 441 | 438 | 434 | 430 | 426 | 422 | 


ps cesta foe 


158 TABLE XXVI.--—NATURAL SINES. 


41 309 1 SPP BP SAPS BaP) SSS SR Fe} ee 
0 | 500000 | 515038 | 529919 


544639 | 559193 | 573576 | 587785 | 601815 | 615661 | 629320 
500252 | 515287 | 530166 
500504 | 515537 | 530413 


544883 | 559434 | 573815 | 588021 | 602047 | 615891 | 629546 
545127 | 559675 | 574053 | 588256 | 602280 | 616120 | 629772 

500756 | 515786 | 530659 | 545371 | 559916 | 574291 | 588491 | 602512 | 616349 | 629998 
501007 | 516035 | 530906 | 545615 | 560157 | 574529 | 588726 | 602744 | 616578 | 630224 
501259 | 516284 | 531152 | 545858 | 560398 | 574767 | 588961 | 602976 | 616807 | 630450 
501511 | 516533 | 531399 | 546102 | 560639 | 575005 | 589196 | 603208 | 617036 | 630676 
501762 | 516782 | 531645 | 546346 | 560880 | 575243 | 589431 | 603440 | 617265 | 630902 
502014 | 517031 | 531891 | 546589 | 561121 | 575481 | 589666 | 603672 | 617494 | 631127 
502266 | 517280 | 532138 | 546833 | 561361 | 575719 | 589901 | 603904 | 617722 | 631353 

10 | 502517 | 517529 | 532384 | 547076 | 561602 | 575957 | 590136 | 604136 | 617951 | 631578 |: 
TL 532630 | 547320 | 561843 | 576195 | 590371 | 604367 | 618180 | 631804 
532876 | 547563 | 562083 | 576432 | 590606 | 604599 | 618408 | 632029 
533122 | 547807 | 562324 | 576670 | 590840 | 604831 | 618637 | 632255 
533368 | 548050 | 562564 | 576908 | 591075 | 605062 | 618865 | 632480 
533615 | 548293 | 562805 | 577145 | 591310 | 605294 | 619094 | 632705 
533861 | 518536 | 563045 | 577383 | 591544 | 605526 | 619322 | 632931 
534106 | 548780 | 563286 | 577620 | 591779 | 605757 | 619551 | 633156 
534352 | 549023 | 563526 | 577855 | 592013 | 605988 | 619779 | 633381 
534598 | 549266 | 563766 | 578095 | 592248 | 606220 | 620007 | 633606 
534844 | 549509 | 564007 | 578332 | 592482 | 606451 | 620235 | 633831 


een, ee ee ee ee 


549752 | 564247 | 578570 | 592716 | 606682 | 620464 | 634056 
549995 | 564487 | 578807 | 592951 | 606914 | 620692 | 634281 
550238 | 564727 | 579044 | 593185 | 607145 | 620920 | 634506 
550481 | 564967 | $79281 | 593419 | 607376 | 621148 | 634731 
550724 | 565207 | 579518 | 593653 | 607607 | 621376 | 634955 
550966 | 565447 | 579755 | 593887 | 607838 | 621604 | 635180 
551209 | 565687 | 579992 | 594121 | 608069 | 621831 | 635405 
551452 | 565927 | 580229 | 594355 | 608300 | 622059 | 635629 
551694 | 566166 | 580466 | 594589 | 608531 | 622287 | 635854 
551937 | 566406 | 580703 | 594823 | 608761 | 622515 | 636078 | ! 
552180 | 566646 | 580940 | 595057 | 608992 | 622742 | 636303 

552422 | 566886 | 581176 | 595290 609223 622970 636527 
552664 | 567125 | 581413 | 595524 | 609454 | 623197 | 636751 
552907 | 567365 | 581650 | 595758 | 609684 | 623425 | 636976 
553149 | 567604 | 581886 | 595991 | 609915 | 623652 | 637200 
553392 | 567844 | 582123 | 596225 | 610145 | 623880 | 637424 
553634 | 568083 | 582359 | 596458 | 6103576 | 624107 | 637648 
38 | 509542 | 524481 | 539261 | 553876 | 568323 | 582596 | 596692 | 610606 | 624334 | 637872 |: 
39 | 509792 | 524729 | 539506 | 554118 | 568562 | 582832 | 596925 | 610836 | 624561 | 638096 
40 | 510043 | 524977 | 539751 | 554360 | 568801 | 583069 | 597159 | 611067 | 624789 | 638320 


—|j————— | me _ e— _ \ oem i fl | SO 


539996 | 554602 | 569040 | 583305 | 597392 | 611297 | 625016 | 638544 
540240 | 554844 | 569280 | 583541 | 597625 | 611527 | 625243 | 638768 
910485 | 555086 | 569519 | 583777 | 597858 | 611757 | 625470 | 638992 
540730 | 555328 | 569758 | 584014 | 598092 | 611987 | 625697 | 639215 
540974 | 555570 | 569997 | 584250 | 598325 | 612217 | 625923 | 639439 
46 | 511543 | 526461 | 541219 | 555812 | 570236 | 584486 | 598558 | 612447 | 626150 | 639663 
47 | 511793 | 526709 | 541464 | 556054 | 570475 | 584722 | 598791 | 612677 | 626377 | 639886 
48 | 512043 =e 556296 | 570714 | 584958 | 599024 | 612907 | 626604 | 640110 


SCONIaarkwWNe oO 


11 | 502769 | 517778 
12 | 503020 | 518027 
13 | 503271 | 518276 
14 | 503523 | 518525 
15 | 503774 | 518773 
16 | 504025 | 519022 
17 | 504276 | 519271 
18 | 504528 | 519519 
19 | 504779 | 519768 
20 | 505030 | 520016 


21 | 505281 | 520265 
22 | 505532 | 520513 
23 | 505783 | 520761 
24 | 506034 | 521010 
25 | 506285 | 521258 
26 | 506535 | 521506 
27 | 506786 | 521754 | 536563 
28 | 507037 | 522002 | 536809 
1} 29 | 507288 | 5222511537054 


535090 
535335 
535581 
535827 
536072 
536318 


30 | 507538 | 522499 | 537300 
31| 507789 | 522747 | 537545 
32 | 508040 | 522995 | 537790 
33 | 508290 | 523242 | 538035 
34 | 508541 | 523490 | 538281 
35 | 508791 | 523738 | 538526 
36 | 509041 | 523986 | 538771 
37 | 509292 | 524234 | 539016 


141 | 510293 | 525224 
| 42 | 510543 | 525472 
43 | 510793 | 525719 
44 | 511043 | 525967 


1 


45 | 511293 | 526214 


49 | 512293 | 527203 | 541953 | 556537 | 570952 | 585194 | 599256 | 613137 | 626830 | 640333 
50 | 512543 | 527450 | 542197 | 556779 | 571191 | 585429 | 599489 | 613367 | 627057 | 640557 


ee ee eS ee a gtate SaaS 
—— —_——_—_ —_— 


542442 | 557021 | 571430 | 585665 | 599722 | 613596 | 627284 | 640780 
942686 | 557262 | 571669 | 585901 | 599955 | 613826 | 627510 | 641003 
542930 | 557504 | 571907 | 586137 | 600188 | 614056 | 627737 | 641226 
54 | 513541 | 528438 | 543174 | 557745 | 572146 | 586372 | 600420 | 614285 | 627963 | 641450 
55 | 513791 | 528685 | 543419 | 557987 | 572384 | 586608 | 600653 | 614515 | 628189 | 641673 
56 | 514040 a8 558228 | 572623 | 586844 | 600885 | 614744 | 628416 | 641896 


51 | 512792 | 527697 
52 | 513042 | 527944 
1) 53 | 513292 | 528191 


57 | 514290 | 529179 | 543907 | 5584169 | 572861 | 587079 | 601118 | 614974 | 628642 | 642119 
58 | 514539 | 529426 | 544151 | 558710 | 573100 | 587314 | 601350 | 615203 | 628868 | 642342 
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19 | 647012 
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25 | 648341 
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44 | 652539 
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656717 
656937 
657156 
657375 
657594 
657814 
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658689 
658908 
659127 
659346 
659565 
659783 
660002 
660220 
660439 


660657 
660875 
661094 
661312 
661530 
661748 
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662184 
662402 
662620 


662838 
663056 
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665882 
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666316 
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669131 
669347 
669563 
669779 
669995 
670211 
670427 
670642 
670858 
671074 
671289 
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671505 
671721 
671936 
672151 
672367 
672582 
672797 
673013 
673228 
673443 
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681998 
682211 
682424 
682636 
682849 
683061 
683274 
683486 
683698 
683911 
684123 


684335 
684547 
684759 
684971 
685183 
685395 
685607 
685818 
686030 
686242 


694658 
694868 
695077 
695286 
695495 
695704 
695913 
696122 
696330 
696539 
696748 
696957 
697165 
697374 
697582 
697790 
697999 
698207 
698415 
698623 
698832 


711004 
711209 


719340 


719542 
719744 
719946 
720148 
720349 
720551 
720753 
720954 
721156 
721357 


721559 
721760 
721962 
722163 
722364 
722565 
722766 
722967 
723168 
723359 


7313854 


731552 
731750 
731949 
732147 
732345 
732543 
732741 
732939 
733137 
733334 


733532 
733730 
733927 
734125 
734323 
734520 
734717 
734915 
735112 
735309 
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743339 | 754900 
743534 | 755091 
743728 | 755282 
743923 | 755472 
744117 | 755663 
744312 | 755853 
744506 | 756044 
744700 | 756234 
744894 | 756425 
745088 | 756615 


745282 | 756805 
745476 | 756995 
745670 | 757185 
745864 | 757375 
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673658 
673873 
674088 
674302 
674517 
674732 
674947 
675161 
675376 
675590 


686453 
686665 
686876 
687088 
687299 
687510 
687721 
687932 
688144 
688355 


699040 
699248 
699455 
699663 
699871 
700079 
700287 
700494 


711413 
721617 
711822 
712026 
712230 
712434 
712639 
712843 
713047 
713250 


723570 
723771 
723971 
724172 
724372 
724573 
724773 
724974 
725174 
725374 


735506 
735703 
735900 
736097 
736294 
736491 
736687 
736884 
737081 
737277 


747218 | 758703 
747412) 758893 
747605 | 759082 
747798 | 759271 
747991 | 759461 
748184,| 759650 
748377 | 759839 
748570 | 760028 
748763 | 760217 
748956 | 760406 
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675805 
676019 
676233 
676448 
676662 
676876 
677090 
677304 
677518 
677732 


677946 


678160 


678373 
678587 
678801 
679014 
679228 
679441 
679655 
679868 


688566 
688776 
688987 
689198 
689409 
689620 
689830 
690041 
690251 
690462 


702981 


713454 
713658 
713862 
714066 
714269 
714473 
714676 
714880 
715083 
715286 


725575 
725775 
725975 
726175 
726375 
726575 
726775 
726974 
727174 
727374 


737474 
737670 
737867 
738063 
738259 
738455 
738651 
738848 
739043 
739239 


749148 | 760595 
749341 | 760784 
749534 | 760972 
749726 | 761161 
749919 | 761350 
750111 | 761538 
750303 | 761727 
750496 | 761915 
750688 | 762104 
750880 | 762292 
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690672 
690882 
691093 
691303 
691513 
691723 
691933 
692143 
692353 
692563 


703185 
703395 
703601 
703808 
704015 
704221 
704428 
704634 
704841 
705047 


715490 
715693 
715896 
716099 
716302 
716505 
716708 
716911 
717113 
717316 


727573 
727773 
T27972 
728172 
728371 
728570 
728769 
728969 
729168 
729367 


739435 
739631 
739827 
740023 
740218 
740414 
740609 
740805 
741000 
741195 
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751264 | 762668 
751456 | 762856 
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752415 | 763796 
752606 | 763984 
752798 | 764171 
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667399 
667616 
667833 
668049 
668265 
668482 
668698 
668914 
669131 


680081 
680295 
680508 
680721 
680934 
681147 


692773 
692983 
693192 
693402 
693611 
693821 
694030 
694240 
694449 
691658 


705253 
705459 
705665 
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706078 
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717924 
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730560 
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742950 
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752989 | 764359 
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753372 | 764734 
753563 | 764921 
753755 | 765109 
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754328 | 765670 
754519 | 765857 
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3 | 766605 
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6 | 767165 
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34 772364 
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773656 
773540 
774024 
774209 
774393 
774577 
774761 
774944 
775128 
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775496 
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776413 
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777146 
777329 
777512 
777695 
777878 
778060 
T78243 
778426 
778608 
778791 
778973 


779156 


779338 
779520 
779702 
779884 
780067 
780249 
780430 
780612 
780794 
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780976 
781157 
781339 


789977 | 800557 


788011 | 798636 
788190 | 798811 
788369 | 798985 
788548 | 799160 
788727 | 799335 
788905 | 799510 
789084 | 799685 
789263 | 799859 
789441 | 800034 
789620 | 800208 
789798 | 800383 


790155 | 800731 
790333 | 800906 
790511 | 801080 
790690 | 801254 
790868 
791046 
791224 
791401 
791579 


801602 
801776 
801949 
802123 
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809017 
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809530 
809700 
809871 
810042 
810212 
810383 
810553 
810723 
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810894 
811064 
811234 
811404 
811574 
811744 
811914 
812084 
812253 
812423 


819152 | 829038 
819319 | 829200 
819486 | 829363 


819652 


829525 


819819 | 829688 


819985 
820152 
820318 
820485 
820651 
820817 
820953 
821149 
821315 
821481 
821647 
821813 
821978 
822144 
822310 
822475 


829850 
830012 
830174 
830337 
830499 
830661 
830823 
830984 
831146 
831308 
831470 
831631 
831793 
831954 
832115 
832277 


833671 
838829 
838987 
839146 
839304 
839462 
839620 
839778 
839936 
840094 
840251 
840409 
840567 
840724 
840882 
841039 
841196 
841354 
841511 
841668 
841825 


848045 
848202 
848356 
848510 
848664 
848818 
848972 
849125 
849279 
849433 
849586 
849739 
849893 
850046 
850199 
850352 
850505 
850658 
850811 
850964 
851117 
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857317 
857467 
857616 
857766 
857915 
858065 
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858364 
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858811 
858960 
859109 
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859406 
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859704 
859852 
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802297 
802470 
802644 
802817 
802991 
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803337 
803511 
803684 
803857 


791757 
791935 
792112 
792290 
792467 
792644 
792822 
792999 
793176 
793353 


812592 
812762 
812931 
813101 
813270 
813439 
813608 
813778 
813947 
814116 
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822806 
822971 
823136 
823302 
823467 
823632 
823797 
823961 
824126 


832438 
632599 
832760 
§32921 
833082 
833243 
833404 
833565 
833725 
833886 


841982 
842139 
842296 
842452 
842609 
842766 
842922 
843079 
843235 
543391 


851269 
851422 
851575 
851727 
851879 
852032 
852184 
852336 
852458 
852640 
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861038 
861186 
861334 
861481 
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ee ntnrenenene | Seenstneece: | ETS jE [SEs | Ee ie I Fo 


781596 
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785497 
785677 
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786037 
786217 
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786756 
786935 


787294 
787473 
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796178 
796354 
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796706 
796882 


797057 
797233 
797408 
797584 
797759 
797935 
798110 
798285 
798460 
798636 


804030 
804203 
804376 
804548 
804721 
804894 
805066 
805239 
805411 
805584 


805756 
805925 
806100 
806273 
806445 
896617 
806788 
806960 
807132 
807304 


807475 
807647 
807818 
807990 
808161 
808333 
8038504 
808675 
808846 
809017 


814284 
814453 
814622 
814791 
814959 


815969 
816138 
816306 
816474 
816642 
816809 
816977 
817145 
817313 
817480 
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824456 
824620 
824785 
824949 


825934 
826098 
826262 
826426 
826590 
826753 
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827081 
827244 
827407 
827571 
827734 
827897 
828060 
828223 
828386 
828549 
828712 
828875 
829038 


834046 
834207 
834367 
834527 
834688 
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835008 
835168 
$35328 
835485 
835648 
835807 
835967 
836127 
836286 


837242 
837401 
837560 
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837878 
838036 
838195 
838354 
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838671 
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843704 
843860 
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844484 
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844795 
844951 
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845573 
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847122 
847277 
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847585 
847740 
847894 
848048 


852792 
852944 
853096 
853245 
853399 
853551 
853702 
853854 
854005 
854156 


854308 
854459 
854610 
854761 
854912 


855516 
855966 
856117 
856267 
856417 
856567 
856718 
856868 
857017 
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861777 
861924 
862072 
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862366 
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863249 
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863836 
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884038 
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867621 | 876167 
867765 | 876307 
867910 | 876447 
868054 | 876587 
868199 | 876727 
868343 | 876867 
868487 | 877006 
865632 | 877146 
868776 | 877286 
868920 | 877425 


869064 | 877565 
869207 | 877704 
869351 | 877844 
869495 | 877983 
869639 | 378122 
869782 | 878261 
869926 | 878400 
870069 | 878539 
870212 | 878678 
870356 | 878817 
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870785 | 879233 

870928 | 879372 

871071 | 879510 

871214 | 879649 

871357 | 879787 

871499 | 879925 

871642 | 880063 

871784 | 880201 
871927 
872069 | 850477 
872212 | 880615 
872354 | 880753 
872496 | 880891 
872638 | 881028 
872780 | 881166 
872922 | 881303 
873064 | 881441 
873266 | 881578 


873 189 | 881853 
873031 | 881990 
873772 | 882127 
873914 | 882264 
874055 | 882401 
874196 | 882538 
874338 | 882674 
874479 | 882811 
874620 | 882948 
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884445 
884551 
884717 
$84852 
884988 
885123 
885258 
885394 
885529 
885664 
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885799 
885934 
886069 
886204 
886338 
886473 
886608 
886742 
886876 
887011 


‘887145 


887279 
887413 
887548 
887681 
887515 
887949 
888083 
888217 
888350 


§88484 


888617 
888751 
888584 
889017 
889150 
889283 
$89416 
889549 
889682 


889815 


889918 
890080 
890213 
890345 
890478 
890610 
890742 
890874 
891007 
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691007 


891139 
891270 
891402 
891534 
891666 
891798 
891929 
892061 
892192 
892323 
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892455 
892586 
892717 
892848 
$92979 
893110 
893241 
893371 
893502 
893633 


893763 
893594 
894024 
894154 
894284 
894415 
894545 
894675 
894805 
894934 


895064 


895194 
895323 
895453 
895582 
895712 
895841 
895970 
896099 
896229 


896358 


896486 
896615 
896744 
896873 
897001 
897130 
897258 
897387 
897515 


897643 


897771 
897900 
898028 
898156 
898283 
898411 
898539 
898666 
898794 
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898794 


898922 
899049 
899176 
899304 
899431 
899558 
899685 
899512 
899939 
900065 
900192 
900319 
900445 
900572 
900698 
900825 
900951 
901077 
901203 
901329 
901455 
9015581 
901707 
901833 
901958 
902084 
902209 
902335 
902460 
902585 


902710 


902836 
902961 
903086 
903210 
903335 
903460 
903585 
993709 
903834 


903958 


904083 
904207 
904331 
904455 
904579 
904703 
904827 
904951 
905075 


905198 


905322 
905445 
905569 
905692 
905815 
905939 
906062 
906185 
906308 
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906431 
906554 
906676 
906799 
906922 
907044 
907166 
907289 
907411 
907538 
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907777 
997899 
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920505 
920618 
920732 
920846 
920959 
921072 
921185 
921299 
921412 
921525 
921638 
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913545 
913664 
913782 
913900 
914018 
914136 
914254 


914842 
914960 
915077 
915194 
915311 
915429 
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$27 184 | 933580 | 60 
927293 | 933685 | 59 
927402 | 933789 | 58 
927510 | 933898 | 57 
927619 | 933997 | 56 
927728 | 934101 | 55 
927836 | 934204 | 54 
927945 | 931308 | 53 
928053 | 934412 | 52 
928161 | 93-4515 | 51 
928270 | 934619 | 50 
934722 | 49 
934826 | 48 
934929 | 47 
935032 | 46 
935135 . 
9354238 
935341 [13 
929133 |935 444 | 4 
929240|931547 
929348) 935650 


928378 
928486 
928594 
928702 
928510 ! 
9259)7 
929025 


az 
49 


905994 | 916130 922986 


909115 
909236 
909357 
9094785 
909599 
909720 
909841 
909961 


910082 


910202 
910323 
910443 
910563 
910684 
910804 
910924 
911044 
911164 


911284 


911403 
911523 
911643 
911762 
911881 
912001 
912120 
912239 
912358 


912477 


912596 
912715 
912834 
912953 
913072 
913190 
913309 
913427 
913545 


916246 | 923098 
916363 | 923210 
916479 | 923322 
916595 | 923434 
916712 | 923545 
916828 | 923657 
916944 | 923768 
917060 | 923880 


917176 | 923991 


917292 | 924102 
917408 | 924213 
917523 | 924324 
917639 | 924435 
917755 | 924546 
917870 | 924657 
917986 | 924768 
918101 | 924878 
918216 | 924989 


918331 | 925099 


918446 | 925210 
918561 | 925320 
918676 | 925430 
918791 | 925541 
915906 | 925651 
919021 | 925761 
919135 | 925871 
919250 | 925980 
919364 | 926090 


919479 | 926200 


919593 | 926310 
919707 | 926419 
919821 | 926529 
919936 | 926638 
920050 | 926747 
920164 | 926857 
920277 | 926966 
920391 | 927075 
920505 | 927184 


Natural Co-sines. 


X 


230| 231 224 | 216 | 209 | 201 193 | 185 | 178 | 


929455 | 935752 | 39 
929562 | 935855 | 38 
929669 | 935957 | 37 
929776 | 936060 | 36 
929884 | 936162 | 35 
929990 | 936264 | 34 
930097 | 936366 | 33 
930204 | 936468 | 32 
930311 | 936570 | 31 
930418 | 936672 | 30 
930524 | 936774 | 29 
930631 | 936876 | 28 
930737 | 936977 | 27 
930843 | 937079 | 26 
930950 | 937181 | 25 
931056 | 937282 | 24 
931162 | 937383 | 23 
931268 | 937485 | 22 
931374 | 937586 | 21 
931480 | 937687 | 20 
931586 | 937788 | 19 
931691 | 937889 | 18 
931797 | 937990 | 17 
931902 | 938091 | 16 
932008 | 938191 | 15 
932113 | 938292 | 14 
932219 | 938393 | 13 
932324 | 938193 | 12 
932429 | 935593 | 1} 
932 253-4 | 938694 | 10 


932630 | 938794 | 9 
932744 | 938594 
932849 | 938994 
932954 | 939094 
933058 | 939194 
933163 | 939294 
933267 | 939394 
933372 | 939493 
933476 | 939593 
933580 | 939693 


orm nN eh AID 3 © 


SEE -—— | S| 
| | | | | —__——_ 


10 


939693 
939792 
939891 
939991 
9140090 
940189 
940288 
940387 
910486 
910585 


940881 
940979 


‘| 941078 


941176 
941274 
941372 
941471 
941569 


————— 
\—— 


942739 
942836 
942932 
943029 


5 | 943126 


943223 
943319 
943416 
943512 
943609 


Al | 943705 


943801 
943897 
943993 
944089 
944185 
944281 
944376 
944472 
944568 


51 | 944663 


944758 
944854 
944949 
945044 
945139 
945234 
945329 
945424 
945519 


| 19° 


940684 
: 


T° 1°92" 


945519 | 951057 


945613 | 951146 
945708 | 951236 
945802 | 951326 
945897 | 951415 
94599.1 | 951505 
946085 | 951594 
946180 | 951684 
946274 | 951773 
946368 | 951862 
946462 | 951941 
916555 | 952040 
916649 | 952129 
946743 | 952218 
9416837 | 952307 
946930 | 952396 
947024 | 952484 
947117 | 952573 
947210 | 952661 
947304 | 952750 
947397 | 952838 
947490 | 952926 
947583 | 953015 
947676 | 953103 
947768 | 953191 
947861 | 953279 
947954 | 953366 
948046 | 953454 
948139 | 953342 
948231 | 953629 
948324 | 953717 


948416 | 953804 
948508 | 953892 
948600 | 953979 
948692 | 954066 
948784 | 954153 
948876 | 954240 
948968 | 954327 
949059 | 954414 
949151 | 954501 
949243 | 954588 
949334 | 954674 
949425 | 954761 
949517 | 954847 
949608 | 954934 
949699 | 955020 
949790 | 955106 
949881 | 955192 
949972 | 955278 
950063 | 955364 
950154 | 955450 


950244 | 955536 


950335 | 955622 
950425 | 955707 
950516 | 955793 
950606 | 955879 
950696 | 955964 
950786 | 956049 
950877 | 956134 
950967 | 956220 
951057 


18° 


Bhs hod 


ee — 


960537 


956305 


73° 


956305 | 961262 


956390 | 961342 
956475 | 961422 
956560 | 961502 
956644 | 961582 
956729 | 961662 
956814 | 961741 
956898 | 961821 
956983 | 961901 
957067 | 961980 
957151 | 962059 


957235 | 962139 


957319 | 962218 
957404 | 962297 
957487 | 962376 
957571 | 962455 
957655 | 962534 
957739 | 962613 
957822 | 962692 
957906 | 962770 
957990 | 962849 


958073 | 962925 


958156 | 963006 
958239 | 963084 
958323 | 963163 
958406 | 963241 
958489 | 963319 
958572 | 963397 
958654 | 963475 
958737 | 963553 
958820 | 963630 
958902 | 963708 
958985 | 963786 
959067 | 963863 
959150 | 963941 
959232 | 964018 
959314 | 964095 
959396 | 964173 
959478 | 964250 
959560 | 964327 
959642 | 964404 


959724 | 964481 


959805 | 964557 
959887 | 964634 
959908 | 964711 
960050 | 964787 
960131 | 964864 
960212 | 964940 
960294 | 965016 
960375 | 965093 
960456 | 965169 


960618 | 965321 
960698 | 965397 
960779 | 965473 
960860 | 965548 
960940 | 965624 
961021 | 965700 
961101 | 965775 
961181 | 965850 
961262 | 965926 


15° 


Natural Co-sines. 


965245 


965926 
966001 
966076 
966151 
966226 
966301 
966376 
966451 
966526 
966600 
966675 


966749 


966823 
966898 
966972 
967046 
967120 
967194 
967268 
967342 
967415 


967 189 


967562 
967 636 
967709 
967782 
967856 
967929 
968002 
968075 
968148 


76° 


970296 


970366 
970436 
970506 
970577 
970647 
970716 
970786 
970856 
970926 
970995 


971065 


971134 
971204 
971273 
971342 
971411 
971480 
971549 
971618 
971687 


971755 


971824 
971893 
971961 
972030 
972098 
972166 
972234 
972302 
972370 


ve be 


974370 | 178148 | 98162 


974435 


974501 |9°8268 
974566 |978329 


974631 
974696 
97476) 
974826 
974891 
974956 
975020 


975085 


975149 
975214 
975278 
975342 
975406 
975471 
975535 
975598 
975662 


975726 


975790 
975853 
975917 
975980 
976044 
976107 
976170 
976233 
976296 


a a 
TABLE XXVI.~— —NATURAL SINES. 


74° | 75° 


78° | 79° 
981627 
981682 
981738 
981793 
981849 
981904 
981959 


978208 


978389 
978349 
978599 
978569 
978629 | 
978689 ' 982123 
978718 | 982178 
978808 | 982233 
978867 
978927 
978986 
979045 
979105 
979164 
879223 
979282 
979341 


979399 
979458 
979517 
979575 | 982935 
979634 | 982989 
979692 |983042 
979750 |983096 
979809 |983149 
979867 | 983202 
970925 | 983255 


982342 
982396 
382450 
982505 
952559 
982613 
982667 
¥82721 
982774 
982828 
982582 


982014 ! 
982069 | 52 


_|M 
a 


57 | 
66 | 
55 
54 
53 


982287 | 4§ 


ee ee ee _ | 


968220 
968293 
968366 
968438 
968511 
968583 
968656 
968728 
968800 
968872 


965944 


969016 
969088 
969159 
969231 
969302 
969374 
969445 
969517 
969588 


969659 


969730 
969801 
969872 
969943 
970014 
970084 
970155 
970225 


970296 


972435 
972506 
972573 
972641 
972708 
972776 
972843 
972911 
972978 
973045 


973112 


973179 
973246 
973313 
973379 
973446 
973512 
973579 
973645 
973712 


973778 


973844 
973910 
973976 
974042 
974108 
974173 
974239 
974305 


974370 


13° 


976359 
976422 
976485 
976547 
976610 
976672 
976735 
976797 
976859 
976921 


976984 


977046 
977108 
977169 
977231 
977293 
977354 
977416 
977477 
977539 


977600 


977661 
977722 
977783 
977844 
977905 
977966 
978026 
978087 
978148 


12° | He 


979983 |983 308 
980041 |983361 
980098 |983 414 
980156 |983466 
980214 |983519 
980271 |983571 
980329 |983 624 
980386 |983 §76 
980443 |983729 
980500 983781 


980558 | 983833 | 19 


980615 | 983885 
980672 | 983937 
980728 | 988989 
950785 | 984041 
980842 | 984092 
950899 | 984144 
980955 | 984196 
981012 | 984247 
981068 | 954298 


981124 | 984350 


981181 | 984401 
981237 | 984452 
981293 | 984503 
981349 | 984554 
981405 | 984605 
981460 | 984656 
981516 | 984707 
981572! 984757 


ee ee 
10° 


— 


984858 
984909 
984959 
985009 
985059 
985109 
985159 
985209 
985259 
985309 
985358 
985408 
985457 
985507 
985556 
985605 
98565 1 
985703 
985752 
985801 
985850 
985899 
985947 
985996 
986045 
986093 
986141 
986189 
986238 
986286 


986334 
986381 
986429 
986477 
986525 
986572 
986620 
986667 
986714 
986762 


986809 
986856 
986903 
986950 
986996 
987043 
987090 
987 136 
987183 
987229 


987275 
987322 
987368 
987414 
987460 


987551 


987597 
987€43 


9° 


Diff. 2 
to 100” § 


SS 


987734 
Y87779 
987824 
987870 
987915 
987960 
988005 
988950 
988094 


988184 
988228 
988273 
988317 
958362 
988406 
958450 
988494 
988538 
988582 
988626 
988669 
988713 
988756 
985800 
988843 
988886 


989059 
989102 
989145 
989187 
989230 
989272 
989315 
989357 
989399 
989442 
989454 
989526 
989568 
989610 
989651 
989693 
989735 
989776 
989818 
989859 


—— | ——— | 


989900 
989942 
989953 
990024 
990065 


957506 | 990105 


990146 
990187 
990225 


987688 | 990268 


82° 
990268 | 992546 
990309 | 992582 
990349 | 992617 
990389 | 992652 
990429 | 992687 
990469 | 992722 
990509 | 992757 
990549 | 992792 
990589 | 992827 
990629 | 992862 
990669 | 992596 


83° | 84° 


85° 


994522 | 996195 
994552 | 996220 
994583 | 996245 
994613 | 996270 
994643 | 996295 
994673 | 996320 
994703 | 996345 
994733 | 996370 
9947 62 | 996395 
994792 | 996419 
994822 | 996444 


86° 
997564 
997584 
997604 
997625 
997645 
997664 
997684 
997704 
997724 
997743 
997763 


TABLE XXVI.--—NATURAL SINES. 


163 
M 
999848) 60 


87° 
998630 | 999391 
998645 | 999401 
998660 | 999411 
998675 | 999421 
998690 | 999431 
998705 | 99944) 
998719 | 999450 
998734 | 999460 
998749 | 999469 
998763 | 999479 
998778 | 999188 


NS |! OO ———E Es 
NN  , 


990708 | 992931 
990748 | 992966 
990787 | 993000 
990827 | 993034 
990866 | 993068 
990905 | 993103 
990944 | 993137 
990983 | 993171 
991022 | 993205 
991061 | 993238 


| | 
——e | 


991138 | 993306 
991177 | 993339 
991216 | 993373 
991254 | 9934106 
991292 | 993439 
991331 | 993473 
991369 | 993506 


991407 | 993539 | 995368 


991445 | 993972 


— Se | | 
—_—_——_—_ 


991483 | 993605 


991521 | 993638 | 995452 
991558 | 993670 | 995479 
991596 | 993703 | 995507 
991634 | 993735 | 995535 
991671 | 993768 | 995562 


991709 | 993800 


991746 | 993833 | 995617 
993865 | 995644 
991820 | 993897 | 995671 


41 989484 | 991857 | 993929 | 995698 
991894 | 993961 | 995725 
991931 | 993993 | 995752 
991968 | 99.1025 | 995778 
992005 | 994056 | 995805 
992042 | 994088 | 995832 
992078 | 994120 | 995858 
992115 | 994151 | 995884 
992151 | 994182 | 995911 
992187 | 994214 | 995937 


991783 


996468 
996493 
996517 
996541 
996566 
996589 
996614 
996637 
996661 
996685 


994851 
994881 
994910 
994939 
994969 
9941998 
995027 
995056 
995084 
995113 


| | — | 


996709 
996732 
996756 
996779 
996802 
996825 
996848 
996872 
996894 
996917 


995170 
995199 
995227 
995256 
995284 
995312 
995340 


995396 


-~_————————_—_——. | ———_—__—_—_—____ ! ______.. 


995424 | 996940 
996963 
996985 
997008 
997030 
997053 
997075 
997097 
997119 
997141 


995589 


997163 
997185 
997207 
997229 
997250 
997272 
997293 
997314 
997336 
997357 


997782 
997801 
99782] 
997840 
997859 
997878 
997897 
997916 


998792 | 999497 
998806 | 999507 
998820 ! 999516 
998834 [999525 
998848 | 999534 
998862 | 999542 
998876 | 999551 
998890 | 999560 


997934 
997953 


998904 
998917 
997972 
997990 
998008 
998027 
998045 
998063 
99808] 
998099 
998117 
998135 


998931 
9989.14 
998957 
998971 
998984 
998997 
999010 
999023 
999035 
999048 


999061 
999073 
999086 
999098 
999111 
999123 
999135 
999147 
999159 
999171 


998153 
998170 
998188 
998205 
998223 
998240 
998257 
998274 
995291 
998308 
998325 
998342 
998359 
998375 
998392 
998408 
998425 
998441 
998457 
998473 


999183 
999194 
999206 
099218 
999229 
999240 
999252 
999263 
999274 
999285 


999568 
999577 
999585 
999594 
999602 
999610 
999618 
999626 
999634 
999642 
999650 
999657 


ny 


999665 
999672 
999680 
999687 
999694 
999701 
999709 
999716 
999722 
999729 
9997 36 
999743 
999749 
999756 
999762 
999768 
999775 
999781 
999787 
999793 


mf ff | 


992224 | 994245 | 995963 
992260 | 994276 | 995989 
992296 | 994307 | 996015 
992332 | 994338 | 996041 
992368 | 994369 | 996067 
992404 | 994400 | 996093 
992439 | 991430 | 996118 
992475 | 994461 | 996144 
992511 | 994491 | 996169 
992546 | 994522 | 996195 


a | S| 


Natural 


80 72 | 63 | 55 AT | 38 30 21 13 


997378 
997399 
997420 
997441 
997462 
997482 
997503 
997523 
997544 
997564 
ac 


998489-| 999296 
998505 | 999307 
998521 | 999318 
998537 | 999328 
998552 | 999339 


999799 
999804 
999810 
999816 
999821 


998568 
998583 
998599 
998614 
998630 


g° 


Co-sines. 


999350 | 999827 
999360 | 999832 
999370 | 999837 
999381 | 999843 


—_—___ 


—_—_—_——_—. 


_- | 


999853 


999936) ¢ 
999939 
999942 
999945 
999948 
999951 
999954 
999957 
999959 
999962 


999964| 29 


999967 
999969 
999971 
999974 : 
999976] 24 
999978 
999980 
999981| 21 
999983 
999985| 19 
999986 
999988 
999989 
999990 
999992 
999993 
999994 
999995 
999996 


9S9997 
999997 
999998 
999998 
999999 
999999 


_—_— ee | | | | es 


(SS EE 
Ce 


164 TABLE XXVIL. 

To find the LATITUDE by DOUBLY ALTITUDES, and the ELAPSED TIME. — 

HALF ELAPSED TIME. be | 
0 Hour. 

M 0s 

0 439361 13833/96224|83730|74039/66121|59427153628|485 1 2}43937|39797 

1 12.36018132542|29324|26328123525|20892| 1841 0] 16061]13834]11715]09695|07764 

2 12 05916]04143|02440|0080 119922 1}97697|9225|9480 | /93.422]92086]90790/8953 1 

3 1£.88307187118185 9591848311837 32182660|81613180591|79593|7 8617|77663176729 

4 | 75815174919|74042|7318217233 91715 1217 07 00|69903|69 1 21168352|67597/66855 

§ 41.66125/65407/64701164006|63322162649|61986/61333|60690|60056]59431/58515| 

6 | 58208/57609157019)56436]55861155293|54733|54180/5363.4|53094/5256 1152035 

7 | 51515151001/50494]49992149496]49005| 48520] 48040|47566) 17096} 16632146173 

8 { 45718]45268|44823/44382143946|43514|43086|42663]42243141825]11417,41009 

9 | 40605|40205/39809,39416|39027|38641|38258/3787 9|37504|37131136762)36395 


10 |1.36032/35672|35315|34960|34609|34260|33915/33572|33231|32893|32558|32226| s 

11 31896|31568]31243/3092 1'!30600|30282| 29967 |29653|29342/29034/28727/28422) 1| 60 
12 28120!27820)27522|/27225)2693 1/26639)26349|2606 12577 4/25 490)/25207|24926| 2 | 120 
13 24647): y 

14 21433!21175/20919)20665/20412/20160)1991 0) 19662) 194 15}19169}18925)] 18682) 4 | 240 


ee ee ef | | | |e | ———_ | ——_| | —_ | 


15 {L.18440/18200/17961)17723}17487|17252/17018) 16786/16554/16324)/ 16096) 15868) s 

16 15642)15416/15192|14969|14748]14527|14307/14089}1387 2|13656/13440)13226) 1) 42 
17 13013|12801/12590/12380)12172)11964)11757}11551)11346)11142)10939]10737) 2| s4 
18 10536|10236)10136|09938/09741|09544|09348/0915 4/08960)08767 |0857 4/08383] 3 | 126 
19 08 193|08003/07814)07626}07 439|07253)07 067 106883 |06699| 065 15|06333/06151 A 168 


ee eee 


“20 |1.05970|05790|05611|05432|05254|05077|04901|047 25 |04550|0437 6|04202|04029] s j 
21 03857/03686/035 15|03345/03175/03006/02838)0267 1|02504|02338)02172/02007) 1| 32 
22 01843/01679/01516)01354/01192/01030}0087 0/007 10/0055 0/00392|00233/00076) 2 e 
23 |0.99918/99762|99606|9945 1/99296|99141|98988/9883 4 |98682)9853.0/9837 8}98227| 3 4/130 

24 98077 ELA la he 97628'!97480}97332/97 184/97 0385/9689 1/967 45|96600/96455} 4 | 13 


25 [0.96310/96167/96023|95880/95738]95596|95454|95313|95172|95032194892/91753| s 

26 91614|941476|94338}94200/94063 93927 |93791/93655 935 19|93385/93250/93116} 1] 26 
27 92982/928 19/927 16/92584/92452}92320/92159/92059/91928/91798/91669/91539) 2} 53 
238 91411/91282/91154)/9 1027 |90899/907 7 2}90646) 905 20 |90394/90268/90143|90019) 3| 79 
29 $9894|89771/89647 89521}89401 89278|89156/8903 4/88913/887 92/8867 1/88550] 4 | 106 


| —_———_—- | -————————— | -—— pF I | SOO 


30 |0.88430/58311/88191|5807 2'87953]87835/87717/87599/87 481/87 364/87 247 |87131) s 

31 87015/|86899/86783|86668/86553|86438|/86324|86210/86096/85983|85870/85757| 1| 22 
32 85645/85532/85420185309}85 197 |85086/8497 6}§4865 |84755|/84645|/84535/84426| 2| 44 
33 843 17/84208)/841 00/83992/83884/83776/83669|8356 1 |83455/33348/83242/83136|3| 67 
34 8303 0/82924/8281 9/827 14/82609)}82505/82401)/82297 |82193/82089/81986)/381833} 4 A} 89 


35 |0.81780|81678|81576|81474181372|8127 1|8 1 169|81068/80968|80867|80767|80667|s 

36 80567 |80467|80368/80269|8017 0/8007 1}7 9973|79875|79777|79679179581|79484| 1] 19 
37 79387 |79290/79193/7 9097 |79001}78905/78809|787 14|78618]78523/78428|78334| 2} 38 
38 78239|78145|78051|77957|77863|77770|77677 |77584|7749 1 |77398|77306|77214| 3| 57 
39 77122|77030!76938|76847|76756|76665|7 657 4|7 6483|7 6393|76303|76213|76123| 4| 77 


Al 7497 2|74885|747 98/747 1117462474537 |7 445 1|74365 |74279|74193|74108|74022) 1 | a7 
42 73937 |73852|73767|7 3682|73597 |73513|73429|73345 |73261178177|73093|73010| 2; 34 
43 7292717 2843/7 2761/7267 8|7 2595 |72513|7 2430/7 2348 |72266]7 2185/7 2103/72021| 3| 51 
44 71940)71859/71775|7 1697|71616|71536)7 1456)7 1375 |71295]7 £215|71136]71056) 4) 68 


45 |0.70976]70897|70818|70739|70660|70581|70503|70424|70346|70268]70190/70112] s 
70035|69957 |69880|69802|697 25 |69645|6957 1/694 95 [6941 8/69342(69265/69189| 1] 15 
69113/69038/68962/68886/6881 1/687 35/68660/685 85 |685 10/68436/68361/55287! 2! 30 
68212)68138|68064|67 990/67 916|67842|677 69/67 695 |67622/67549|67476 67403] 3 | 3| 45 
67330|67257|67 185167 112167 040|66968/66896/66824 |6675 2166681 |66609166538) 4| 60 


6562016555 1|65481 65411|65342/65273/65204/65 135 |65066/64997 |64928/64860| 1] 14 
64791647 23|6465 5164587 |645 19/6445 1|64383/643 15 |64248/64180164113]64046| 2} 27 
63979|63912/63845/63778|637 11/63645|6357 8/635 12/634 45/63379|63313|63247|3| 41 


__63182/63116]6305 0/62985 |62919 62854 |62789/627 24 16265 9/625 94 |62529]624164|4| 54 


.62400]6233516227 1162207 |62 1 42|62078|62014|61950/61887|61823 61759|61696) s 
61633)|61569/61506)61443/61380)/613 17 |61254/61192161129|61066/61004/60942| 1| 12 
60879)60817|60755|60693|60632|6057 0/605 08/60447 |60385|60324|60262/60201|2! 25 
60140|60079|60018|59957|59897 |59836|/59775|597 15|59655159594|59534|59474| 3| 37 
§9414|5935 4159294159234|59175159115|59056158996158937158878158818158759|4| 50 


rn rr ener ee 
TABLE XXVII. 165 
Te find the LATITUDE by DOUBLE ALTITUDES, and the ELAPSED TIME. 


HALF ELAPS ED TIME. 


1 Hour. 
108 158 208 255 305 358 


ee eed lee OO, 


57999)57941|57884)57826157768)577 11)57653]57596]57539|/5748 1 157424/57367) 1114 
57310)57 25357 196157 140157 083/57026)5697 0/569 1 4|56857/56801/56745)56689] 92 | 99 
§6633)56577/5652 1} 56465}56409/5635 4/56298]56243}56187}56132|56077/56021! 3134 
__ 55966 55911/55856]5580 1155747 |55692/55637|55583 15552815547 4/55 419/55365) 4145 


0.55311/55257|55203155149155095|55041/54987|54933|54880|54826|5477 3/547 1L s 
54666)54613/54559/54506)5 1453/5 4400/5 4347|54294/54242154189/54136)54084) 1110 
5403 1)53979)53926/53574/53822/537 70/537 18/53666]53614/53562/535 10153458] 2) 21 
53407/53355/53303)5325 2153200153 149/53098]53047 {52995 |5 2944/5 2893/52842] 313] 
9 527915274 1/52690/52639/52589)52538)5 24 88) 52437 [52387 |52336/52286/52236] 4 | 42 

10 |0.52186/52136/52086]/5 2036/5 1986]5 1936/5 1887]5 1837/5 1787/5 1738/5 1685|5 1639} ¢ 
11 51589)51540)51491)5 1442/5 1393/51344/5 1295/5 1246}51197/51148)51099]51050} 1110 
12 51002/50953)50905/50856/50808/50760/507 11)50663)50615)50567150519/50471) ®| 19 
13 §04123/50375)50327)50279/50232)50184)50137|50089)50042/49994)49947|40900] 3 | 29 
14 4985 2}419805/497 58/497 1 1)4966 4|49617|49570}49523/49477 19430) 19383]19337] 4/38 


“15 |0.49290/49214|49197149151/49104|49058]49012]48966]48920|1887 4|48828] 18782 s 

16 48736|48690/48644/48599)48553/48507|48462)484 16)4837 1 /48325/48280/48235] 1| 9 
17 48189) 18144/48099}4805 4) 48009/47 964/47 919]47874|47829)47785/47740/47695| 2 | 18 
18 47651|47606)47561)47517|47473/47428)47384|47340)47295|47 27 
19 47119)47075|47031{16987|46944 46900 46856]168 1 2}46769)46725/46682 16638| 4 


“20 {0.46595} 16552|416508]46465|46 122146379] 16335|46292|46249|46206146163)/46121 8 

21 4607 8|46035/45992/45950!45907/45864]45822/45779]45737|45694/45652/45610] 1] 8 
22 45568/45525/45483]4544 1 /45399/45357|453 15145273] 1523 1/45 189/45 147/45106] 2117 
23 45064/45022)4 198 1)/414939/44898/4 4856)44815/4477 3/4473 2/4469 1|44650/44608] 3} 25 
24 44567|14526/44485/4 1444/4 1403 44362/41321/44280)/44239/44 199/44 158] 44117 A | 34 


25 10.44077/44036| 1399643955 |43915|43874|43834 [43793143753 /437 13/4367 3/43633 EER. 

26 43593143552) 435 12|43472/43432/43393}13353/43313/43273/43233/43194/43154) 1] 8 
27 43115}4307514303 5|42996/42957 |42917|412878/42838]42799/42760/42721 42682) 2) 16 
28 42643]426031425 64/425 25| 4248642445] 42409]42370/42331 4229: 
29 421.76|42138]42099}4206 | |42022/41984]41946}41907|41869/41831]41792/41754 4/32 


eS eS eee) eee pee, ee) ee ee a 


30 10.41716/41678/41610)4 1602/4156 £4 1526)41485)41450)41412141375/41337/41299} 5 

31 41261|41224/41186)41 149) 41111)41074/41036/40999 40961|40924 40887)40849} 11 7 
32 | 40812/40775|40735|/10701/40664|40627 |410590/40553|410516:4047 9}40442)40405; 2/15 
33 40369/40332)40295/10258/40222'40185]/40149/ 40112 40076|40039 40003)39966} 3 | 22 
34 __ 39930 39894/39858}3982 1/397 85 3974 9/397 13|39677|396 11139605 /39569)/39533 4} 30 30 


35. |0.39497|39461|39425|39389|3935 4 393 18|39282139247 39211, 39175|39140|/39104 wen 

36 39069/39033)/38998/38962/35927 38892 38857 |3882 1138786) 38751 38716/38681] 1] 7 
37 38646/3861 1)38576)38541 38506 38471 38436/38401 alent 38297 /38262! 2} 14 
38 38227 |35193/38158/38124/38089 38055 /38020|37 986/37 95 1 |37917/37883/37848) 3) 21 
39 37814|37780/377451377 11137677 |37643/37609)|37575|3754 41/37507|37473 37473/37439) 4 A) 28— 


40 |0.37405|37371/37338|37 304|3727 0137 236/37 20337 169 37 135/37 102 37068 Spel 
41 37001/|36968/36934/36901/36867/3683 4/3680 1|36768)/36734/36701/36668/36635 7 
42 36602 /36569|36535|36502/36469/36436/36404/36371 36388)80305 3627 2/36239 13 
43 36207 |36174/36141|36108)36076)36043|36011)35978)359416'35913/35881/35848) 3 | 20 
44 3581 613578313575 1(357 19135687 (35654 |35622)/35590135558135526|35494135 462 4 | 26 


Sa ee, ee SS ee) ee ee ee a Se 


45 |0.35429)35397|35365|35334/35 302/35 27 0/35238)/35206|35 17 4|35142/35111|/35079! s 

46 35047 /35016|34984|3495 2/3492 1|34889]3 185 8134826|347 95 |34763|34732/34701| 1 

47 34669/34638)/3 4607 |34575|34.544/345 13|3448213445 1 |34420|34388|34357|34326) 2/12 
3 
4 


48 34295 31264 34233/34203 peng 34141 $4110 34079 34045 34018 33987 33956 


cnr fee ete J Jf | 8 ff | Lf 


50 |0.33559/33529/33499/33469|33438/33405/33378133348/33318/33288/33257|33227| s 
51 33197 [33167133137 |33 107 |33078/330418/33015|32988/32958|32928/32899/32569| 1) 6 
52 $2539 |32809]3 27 80/32750/32721/32691 3266] |32632/32602|32573/32543|32514| 2 
53 32485 |32455|32426|/323 97 [32367 |32338/32309/32280/32250/32221/32192/32163| 3|18 
54 32134 ,32105|32076|32047 |32018/31989/31960)3 1931/31902/31873/31544/31515) 4 


55 |0.31787/31758|31729|31700|31672)31643/31614|31586|31557 (31529 31500|31471' s 
56 31443 '31414/31386)/31358)/31329/3 1301/3 1272/3 1244)31216/31188)/31159 31131! 1] 6 
57 31103 31075/31046|31018/30990/30962/30934/30906|30878/30850'30822/30794) 2 | 12 
58 30766 30738 307 10/30683)30655|30627 }30599)3057 1|30544/305 16/30488/30461| 3|17 
59 30433 30405 |80378130350/30323|30295|30268|30240/30213 ee 30130) 4} 23 


166 TABLE LE XXVIL. 
Yo find the LATITUDE by DOUBLE ALTITUDES, and the ELAPSED TIME. 
HALF } ELAPSED TIME. 


2 Hours. 
. 58 | 108 | b5® | 208 | 255 | 30° | 35° | 408 | 458 | 505 | 558 


M Pre. pts. 
© |0.30103|30076|30045|30021129994|2996; |2993]299 1 2|29885|29855|2983 1|2950a| 5 
| 1 | 29776]29749]297 22129695 |2966812964 112961 4]295 87/2956 112953.4129507|29180} 1! 5 
2 | 29153|29426|2940..129373|293 161293 19]29293|29266|29239]29213)29186129160, 2, 10 
3 | 29133/29107|29080|29954}29627 |2900 1]2897 4]28918|28921|28895|28869 28842] 3 | 16 
4. | 28816]28790]2876 1]28737|287 1 1]28685]28659|28633|28607|28580/28554|28525! 4 | 21 
5 10.255 02|28476|28450]28.12.4]28398|2837 2/283 17 }2832 1|28295|28269)252 13/28217| 
6 | 28192]28166]28140]28114]28089|28063|28037|28012/27986|27 960}27935|27909| 1] 5 
7 | 27884|27858|27833|27807|27782]27756]27731|277 06/27 680|27655]27 63027604 2! 10 
8 | 27579|27554|27529|27503]27478|27 453127 428|27 403/27 378|27352/27327|27302) 3 | 15 
G | 27277|27252|27227|27202]27177 [2715227 12727 103/27 078) 27053)/27028)27003) 4 | 20 
10 |0.26978|2695 4|26929]2690 4|26879|26855|26830|26805|267 81 |26756]26732/26707| s 
11 | 26682|26658|26633|26609]26584|26560|26535|265 11|26487|26462/26435|261414] 1] 5 
12 | 26389'26365|263.41|26316|26292|26268| 2621412621 9]26195|2617 1|26147|26123| 2] 10 
13 | 26099/26075!26051|26027|26003|25979]25 955/25 93 1|25907|25883)25859/25535| 3 | 14 
14 | 25811/25787|25763]25740|257 16|25692|25665|25615|25621|25597|25573|25550) 4| 19 
15 |0.25526)25503) 2547 9|25455)25432|25408|25385|25361|25338/253 1 4|25291/25267| s 
16 | 25244/25220/25 197/25 174/25 150|25127|25 104|25080|25057|2503.4/25011/24957| 1] 5 
17 | 24964|2494124918|24895]21872|248.19|24825|24802|24779)24756/24733)24710| 2| 9 
18 | 24687/2466 1/2464 1]21618]12.4595/21573]24550|24527/24504)21481/24455/24436] 3] 14 
19 | 24413/24390|24367|24345|21322|24299]24277|2425.4/2423 1/24209)24186/24163| 4] 18 
“20 10.24141|24118)/24096|24073]2405 1]24025!21006|23983]23961|23939|23916]23894| s 
21 ; 23872)23819/23827|23805|23782|237 60|23738|237 16|23693|2367 1|23649|23627| 1| 4 
22 | 23605|23583|23560|23535|235 16|23494|23.472|23450|23428|23406)23384/23362| 2 | 9 
23 | 23310/23318|23296|2327 4] 23253|2323 1|23209]23 187 |23165|23143|23122/23100| 3 | 13 
21 | 23078/23056'23035|23013|22991|2297 0|22918|22926]22905|22883|22862|22840) 4] 18 
25 |0.22819|22797 |22776|22754|227 33/227 1 1|22690|2266d|226.17|22625]22604|22583] 
26 | 22561|22540'22519)22497|22.176|22.15512243.4|224 1 2/2239 1/2237 0122349/22328| 1] 4 
27 | 22306)/22285|22264|222.13|22299/2220 1122180|22159|22138|221 17/22096|22075| 2| 8 
28 | 2205422033 22012/21991|21970|21949|21928|21907|21887|21866|21845|21824] 3} 13 
29 | 21803|21783|21762|21741|21720|21700|21679|21655|21638]21617|21597 |21576| 4] 17 
30 [0.21555/21535 215 14|21494121473|21453)21432]21412]21391/21371]21350/21330| s 
31 | 21309]21289/21269|21248]21225|21208]21 187|21167|21147|21127|21106]21086] 1] 4 
32 | 21066|21046)21025]21005|20985|20965|20945|20925|20905|20885|20864|20844] 2} 8 
33 | 20824|20804/20784|207 641207 44|20724|20704|20685|20665|20645|20625|20605| 3/12 
34 | 20585|20565|20515|20526|20506|20486|20466|204 4620427 |20107|20387|2036s| 4 | 16 


35 10.20348|20328|20309|20289|20269|2025 0|20230|20211120191|20171]2)152|20132] s 


36 | .20113/20093/2007 4/2005 4/20035|20016]19996| 19977 |19957|19935)1L9919)19899| 1] 4 
37 19880}19861/198 41) 19822) 19803119783] 19764|19745]19726/19707/19687|19668) 2) 8 
38 19649}19630/1961 1) 19592) 19572/19553}19534/195 15}19496)19477)}19458/19439/ 3) 11 
39 19420/19401/19382}19363]19344/19325]19306/19288]19269/19250)19231|19212) 4) 15 
40 |0.19192|19174]19156]19137|19118|19099]19081|19062]19043]19024]19006|18987| s 

41 18968}1895 0/1893 1)18913}18894|18875/18857|18838|18820| 1880 1/18783|18764) 1| 4 
42 18746}18727)}18709/1 8690) 1867 2/18653}18635|18617]18598]18580/18561]18543| 2] 7 
43 18525]18506) 18455] 1547 0) 18452/18433/18415/18397 |18379}18366/18342)18324| 3) 11 
4s 15306} 18288)18269]1825 1/15233)18215| 1819718179) LS161{LS143)/18125)18107| 4} 14 


46 
AT 
48 
49 


15823115807|15790|15774/15758)]15741|15725/157 09] 15692/15676| 15660] 15644 
15625)]15611)15595]15579/15563)/15547|1553 1/155 14|15498|15482|15466]15450 
1543 4]15418/15 102]15386)15370)15354)15338115322/15306/15290|1527 415258 
15242]15226]15210}15 194115178}15 162/15 147 [15 131] 15 115]15099]15083]15067, 4] 13 


To find the LATITUDE by DOUBLE ALTITUDES, and the ELAPSED TIME. 
HALF ELAPSED TIME. 


eS tM —— — 


3 Hours. © 


ee 


mM {| Os 5* | 10s; 15* | 208 | 25% | 308 | 358 | 40° | 45° | 50* | 55° [pro. pts. 
0 10.15052/15036|15020]15004)14988]14973)14957|14941114926/14910|14894114879| gs __ 
1 | 14863/14847]14832/14816|14800|14785|14769]14754]14738|14722114707/14691| 1! 3 
2 | 14676/14660|141615]14629| 14614] 14598]14583]14567|14552|14537|14521/14506! 2] 6 
3 | 14490]}14475|14460|14444)14429114414]14398] 14383] 14368] 14352|14337]14322] 3] 10 
4 | 14307/14291}14276)14261/14246)14231}14215]14200]14185|14170|14155]L4140| 4) 13 
5 |0.141241.4109| 1409414079] 14064) 14049]14034]14019]14004]13989]13974|13959] 3s 

6 eA oe Tel 0a La a ae bebe Pa Ties 
7 | 13765/13750|13735|13720|13705|13691}13676|13661|13646|13632)13617|13602] 2] 6 
8 | 13587113573/13558|13543/13528]13514|13499] 1348 4]13470/13455/13441}13426| 3| 9 


© 


13411}13397|13382/13368 


——_-|-_-_—_———— | —_ | OO Fh 


10 |0. 13237|13223/13208|1319411; 
11 13064]13050|13035|13021/13007|12992|12975) I Scailieosnitiads 
12 | 12893]12878/12864}1 2850112836] 12822]12808]12793]i2779112765|12751|12737| 2| 6 
13 | 12723}12709|12695]12681| 12667] 12652]12638] 12624] 12610)12596|12582/12568] 3| 8 
14 12554)12540)12527|125 13/1 2499) 12485/1247 1)12457}12443)12429/12415/12401 4|11 


bbe ah 13324) 13309)13295 eee 


pe = SS ee ee ee ee eee 


bch ES, 4} 12 


ey ene ae ey 


12921112907; I] 3 


‘15 |0.12388|12374/12360 12346 12332|12318]12305/12291)12277|12263/12250|12236| s 


16 12222}12208/12195/12181/12167)12154/121460/12126/12113)12099)12085]12072) 1] 3 
17 12058]12044/12031)12017/12004)11990/11977}11963)11950/11936/11922]11909) 2] 5 
18 11896) 11882/11869)11855|1 1842/1 1828118151180 LI78S)11775|LI761/11748, 3] 8 
19 1173 4)11721)11708/ 1169 $/11681)11668/11654)11641)11628)11614)11601)11588) 4] 10 
20 10.11575/11561/11548/11535/11522)11509)11495)11482)11469]11456/11443]11429) 5 

21 11416}11403]11390/11377|11364/11351)11338)11325111312|11299/11286]11272) 1) 3 
22 11259}11 246/11 233/11 220/11 207/11 194 {LT 18211169) LILS6)11 143/11 130/1 1117) 2) 5 
23 ENS NEAM ASAE, HES Gd Hoa hd by Gadd Loaeeas Feet da bo ed bd ba y 8 


TABLE XXVIIL. 167 
} 
| 


26 "10646 10633)10621 1110608 10595}10583/10570 10558 10545} 10533/10520)10508) 1 2 
27 10496/10483}10471)104158}10446)104133}10421/10409]10396/103814/10372 10359) 2| 5 
28 10347}10335]10322)10310]16298/10285] !0273/10261)10218|10236)10224]/10212| 3} 7 
29 ass 10187|10175 10163 10151 10138 10126 10115 110102 10090 10078 10066 4/}10 


i) 
-_ 
a 
le} 
i=) 
oS 
oS 
i) 
© 
los) 
© 
~~ 
—) 
© 
co 9) 
Qk 
or 
CS 
© 
(oo) 
ae 
aw 
—) 
icon) 
@ 
Qo 
So 
© 
io) 
re 
© 
—) 
i) 
wm 
w 
=~} 
So 
io) 
ea) 
we 
or 
So 
fo) 
ao 
— 
we 
So 
icon) 
lo om 
—) 
oe 
> 
ols 
~) 
(0 9] 
oes 
= 
3 
~) 
=~) 
— 
at bh 


| 36 "09204 09193]09181/09170)09158 asia7 09136 09124 09113 09101 09090|09079 1 
37 09067|09056}09045/09033169022!09011|08999|08988]0897 7 |08965|0895 408943! 2 
38 0893 1}98920/08909/08898/05886)/0887 5|08864/0885 3)08842/08830/08819 08808| 3 
39 08797|08786|087751087 6310875 2|087 41|08730|087 19}08708|08697 0868608675] 4| 9 


a SS eS nn ee ee ee ee ee ey Se See 


40 |0.08664/08653)08642/08630/08619/05608)08597 |085 86|08575|08564108553/08542| s 

41 08532)/0852 1/085 1 0/08499/08488/08477 |08466|08 155108444 /08 133/08422108412) 1| 2 

42 08401/08390/08379/08368|08357|083.47 |08336|08325/083 14|08303 08293 |08282) 2 | 

43 0827 1108260/08250)08239/08228/08217|08207 |08196/08185 bso 08164/08153) 3] 7 
0 


“I & bh 


44 08143/08132)08121/08111/08100}08089/08079)08068)08058/08047}08037|08026) 4) 9 
45 |0.08015/08005/07 994/07 984/07 973/07 9630795 2|07 942/07 931107921)07910|07900) s 
46 07889|07879/07869]07858)/07 8 18|07837|07827 |07816|07806/07796}07785 07775) 1 | 2 
47 | 07765/07754|077 44)0773 4|077 23/077 13|07703/07692|07682)07 67 2/07661/07651 2 4 
6 

cle 


48 076410763 1}07620\07610}07600|07590/07580/07569/07559)/07 5491075391075 29 
49 07518}07508107498)07 488|07478/07468)07 458/07 448)07 437 |07427|07417|07407 


50 \0.07397|07387|0737 7 (0736707357 |07 3.47 |07 337 07 327 (07 317 07307 |07 297 |07287| s 
51 0727707 267 (07 257 |07 24707237 0722707217 707 207/07 198|071858)07178|07168) 1] 2 | 
52 07158]07 148107 138)07 128/07 119107 109,07099)|07 089107 079/07070\07060/07050} 2} 4 
53 07040}07030]07021|07011107001/06991 06982|06972 06962|06953|06943/06933| 3] 6 


54 06923/069 14/0690 4|0689 1]06885|06875 |06866/06856|06846/06837 106827 |06518) 4] 8 


——_—'!>—“—“——_—|—_—} | | |} |S | - —_ I- _  —_ — C 


55 0 .06808/067 9509789] 967 79|0677 006760 |0675 1/0674 1|06732|067 22[067 12|06703! s 
56 | 06693 7}06618|06608|06599|06590' 1] 2 
57 0658010657 1|06561]06552|065 13|06533 106521065 15 |06505 06496|06487 (06477 2] 4 
0639 1|96385|06375|06366| 3| 6 
59 | 0635706818 638N)p6820.-n20|0081 163021 00205)002 410627 4106265106256 8 


1 


- O° 258 | 308 | 358 | 408 | 458 55° |Pro. pts. 
0 |2.06247|06238|06229|06220|05211|06202|06192/06183|06174|06165|06156|06147 s 
1| 06138/06129|06120|061 11/061 02|06093|06084/06075|06066|06057/06018|06039] 1|2 
2 | 06020]06021/06013|06004]05995|05986]05977|05968!05959|05950/05941105933| 2] 4 
3 | 05924105915/05906|05897|05888|05880)0587 1|05862|05853105844/05836]05827| 315 
4 | 05818]05809|05801/05792|05783/05774105766/05757|05745|05740105731|05722| 417 
S 10.057 14]05705|05696]05688|0567 9.0567 0105 662105653)05645|05636/05627 05619) s 
6 1 05610105602)05593/05585105576|05567 (055590555 0/05542(05533/05525/05516| 1/2 
7 | 05508/05499|05491/05482|05474105466|05457|05449'054.40105432)054231054 15] 2 | 4 
8 | 05407]05398\05390/05381]05373|05365)05356/05348105340]0533 1105323105315] 315 
9 | 05306]05298/05290/05281|05273|05265/05257105248|05240105232105224|05215| 4|7 
“10 |0.05207|05199]05191105183]05 174/05 166|05158)05 150)05142|05133|05125/05117| s 
11 | 05109]05101/05093]05085|05077/05068|05060/05052/05044/05036)05028|05620| 1|2 
12 | 05012/05004/04996/04988|04980|04972|04964/04956|04948/04940/04932|04924) 2|3 
13 | 04916]04908]0490010 1892104884 |0 187 6/04868|01860/04852|04845|04837|04829| 3|5 
14 |  04821]01813/04805104797|0.1790/04782|04774]04766|04758]04750/04743101735| 4}6 
15 |0.04727]947 19]04711]04704|0 4696/0 1688|04680|04673|0.41665]01657|04649|01642) s 
16 | 01634]04626/04619]04611]04603|04596|04588|04580/04573|04565/04557104550) 1|2 
17 | 04542|04535/04527|04519]04512104504|04497/04489|04481|04474|04466/04459) 2|3 
18 | 04451/04444|/04436/04429}04421/04414/04406|04399|01391104384/04376|/041369| 315 
19 | 04361/01354]04346/04339|04332|01324/04317|04369)04302/04295|04287/04280) 4 l6 
“20 [0.0427 2]04265]04258/04250]042 13/04236|04228|04221)04214|04206|04199)01292) s , 
21 | 04185}04177|04170|04163]04 156/04 148|04141/04134}04127/04119}04112/04105) 1] 1 
22 | 04098/04091/04083/04076|04069/04062|04055|04048|04040/04033/04026/04019| 2/3 
23 | 04012104005/03998|03991|03984|03976|03969/03962|03955|03948/03941\03934| 34 
21 | 03927|03920|03913/03906/03899]03892|03885|0387 8/0387 1103864|03857|03850| 4|6 
25 |0.03643|03836|03829|03822|038 15|03809|03802103795|03788]03781|03774|03767| s 
26 | 03760|03753/03747|03740|03733|03726|037 19!03712|03706]03699|03692/0368| 1) 1 
27 | 03678|03672)03665|03658/0365 1/03645|93638|0363 1 [03624|03618|0361 1/03G04/ 2|3 
03597 03591 03584 03577 08574 03564 03557 peigare sta 03537 /03531 03524 3|4 


| S| | |) cr qr WbRw“qryticj{| e—_- \*l—cqqucrl-ee—_—!——l\— 


-02701|02696/02690|02684|0267 9|02673|02667 |0266 1/0265 6|0265 0/02644/02639) s 


168 
To find the LATITUDE by DOUBLE ALTITUDES, and the ELAPSED TIME. _ 


TABLE XXVIL. 


HALF ELAPSED TIME. 
4 Hours. 


Ss 
03361 03354 03348 03341 03385|03328 03322 033 15|03309/03303 03296 03290 1{1 
03283/03277|0327 1/03264 (03 258/03252/03245 |03239/03233|/03226/03220|03214| 2) 2 

3207/03201/03195/03 189/03 182/03 176/03170 ae 03151)03145)03138) 3) 4 
03132)03 126/03 120/03 114)03107/03101|03095|03089/03083/03077/03070/03064| 4] 5 


a a ee teieae 


ee ee a  ) ee ee ee 


0 


- 03058/03052/03046/03040/03034/03027/03021 


03015|03069|03003/02997 |62991 
02985 /0297 9/0297 3}02967 |0296 1 }02955|02949|02943)/02937 02931 |02925 02919 
92913/02907 02901 /02895 |02889|02883| 0287 7 |0287 1|02865|02859/02853/02847 
0284 1/02835)/02829/02824/028 1 8]02812|02806,02800 027 94/02788/027 8302777 


0277 1/02765|02759/02753|02748)02742/02736,0273 0/027 25/027 19/027 13/027 67 


wom wD 
| ST al 


~ 
or 


02633|02627|02622|02616|02610/02605|02599)/02593|02588|02582|02577 02571) 1 
02565/02560)02554|02549102543/02538102532/02526)02521/02515/02510\02504| 2 } 
02499]02493/02485|02482|02477 02.171 |02466/02460/02455/02449|02444/02435| 313 


02133/02428]02422/024 17 |02411}02406/02401/02395 |02390/02384 bred ote on 4 aya 


CN , ee, | ee ee 


—_ ————= | <<. f |! — | | — — — — —__ | | SE I I 


-02055|02053]02048/02043/02038102033/02028/02023/02018 


— 


. 02368/02363 0229 s]02280 02347 02342 2 02386 02331 02326 02320 02315 02310 s 


02304/02299/0229 1/0228 
02241/02236/02231/02226/0222 1/02215/02210/02205/62200/02195 02190102185 2|2 
02179/02174]02169,02164|02159|02154/02149|02144/02139,02134|02128 02123| 3/3 


02118/02113/02108/02103/02098/02093|02088|02083/02078/02073 02068 02063 4/4 


02014/02009 
01999)01994101989/01984101979]01974/01970/01965|01960,01955/01950'01945| 1) 1 
01940/01936/01931!01926/01921)/01916|01912/01907/01902,01897|01892'01888| 2|2 
01883/01875]01873|0 1869]01864/01859/01855/01850/01845 01840/01836 01831) 3) 3 


01826/01822/01817/01812'01808/01803/01798/01794/01789|/01785 0178001 01775] 4\4 


55 |0.01771/01766]01761|01757\01752|01748|01743|01739|01734 10173001725 01720] s 


01716/01711]01707/01702/01698/01693/01689)/01684|01680/01675/01671 
01662)01655]01653/01649/01644/01640/01635/0163 1}01627 |01622/01618 


01666) 1]1 


| 
01613 2/2 


01609/01605)01600/01596/01592'01587|01583)01578/01574/01570/01566 01561] 3) 2 
01557|01553101548101544101540101535|01531|01527/01523 01518101514 01510] 4 13 


02004) s 


TABLE XXVII. 169 
To find the LATITUDE by DOUBLE ALTITUDES, and the ELAPSED TIME. 


HALF ELAPSED TIME, 


5 Hours. | 
10° | 15s | 20s | 25s | 305 | 358 | 40° | 455 | 50s 
~O 10.01506/01501|01497101493'01489/01485101480|0147601472|01465101464101460 

01.455/01451101447/01443]01439/01435/01431/01426]0 1422/01415101414|01410 
01406}01402/01395/01394101390/01386101382!01377101373101369|01365|01361 
01357|01353]01349]01345101341/01337/01333/01329]01325|01321/01318|01314 
01310]01306/01302101298/01294/01290/01286/01282]/01278]01274]0127 1101267 


),01263/01259]61255/0125 11012.47/01244/01240|01236|01232|01228]01224|01221 
01217/01213)0) 209/01206)/0 1202/01 198/01194/01191/01187}01183}01179/01176 
01172/01168)01164/01161/01157}01153,01150/01146/01142)01139]01135/01131 
01128/01124/01120)01117/01113/01110/01106/01102;01099101095]01092:01088 
01084/01081/01077/01674/01070/01067/01063/01059)01056}01052'01049/01045 


= 
Is 


acs 


0 .01042/01038]01035/0103 1101028]01024)01021/01018]01014|01011}01007/6:904 


= 
e[esaen 


s 
11 | 01006/00997|00993|00990/00987 |00983|00980|00976|00973|00970}00966|00963] 111 
12 | 00960/00956]00953)00950|00946/00943/00940|00936|00933/00930}00926|00923! 2] 1 
13 | 00920/00916]09913]00910|00907}00903/00900|00897|00894|00890}00887/00884| 3 | 2 
11 | 00881/00878]0087 4/0087 1/00868/00865/00862100858|00855|00852]00849|00846] 4]2 
15 |9.00843/00540/00836|00833/00830'00827|60824/00821100815100815|00812|00808] 5 
16 | 00805|0080z|00799|00796|00793|00790|00787100784|00781|00778|00775|00772] 111 
17 | 00769/00766]00763|00760|00757|00754|0075 1]00748100745|007 42100739|00736] 9 | 4 
18 | 00733/00731|00728]00725|00722/00719]007 16/007 131007 10|00707|00704|00702| 3} 2 
19 | 00699]00696]}00693}00690/00687|00685|00682|0067 9/0067 6|00673|0067 000665] 4 }2 
20 |0.00665/00662|00659|00657 0065410065 1100648|00646|006 13|00640/00637|00635| 5 
21 | 00632|/00629|00627|0062 4/00621/00618]00616|00613|00610|00608|00605/00602| 111 
22 | 00600)00597|00595|00592/00589/00587|00584|0058 1 10057 9100576|00574|00571| 2/4 
23 | 00568/00566]00563/00561/00558/00556|00553/0055 11005 48/00546|005 13|00541| 3} 2 
24 | 00538/00536)00533/00531/00525/00526]00523/0052 1/005 18|00516]00513|00511] 4|2 
25 10.00508/00506|00504/00501/00499|00496|00494|00492100489|00487|00484/0048z| 5 
26 | 00480/00477|00475|00473|00470!00468}00466]/00463|00461 |00459100456]00454] 1!0 
27 | 00452/00450/00447/00445/00443/00440]00138/004136/00134100131100429]00427| 2/1 
28 | 00425/00423/00420/00418/00416/00414]00412/00409,00407|00405}00403|00401} 3/1 
29 | 00399/00396]00394/00392|00390/00388/40386|00384|00382/0037 910037700375] 4] 2 
30 10 .00373|00371|00369|00367100265/00363 (00861 00359100357 D036 0035:/00351] 5. 
31 | 00349/00347/00345|00343/00341/00339|00337|00335 |00333]0033 1)00329]00327] 110 
32 | 00325/00323/00321|00319|/00317/00315]00313/00312/003 1 0/0030S100306|00304) 2 | 1 
33 | 00302/00300|00298|00297|00295100293]060291/00289]/00287|00286]00254|00282] 3 | 1 
34 | 00280 00278|00277 0:0275|00273)/0027 1100269|00267 |00266|00264}00262190261| 4} 2 


—. — -— J | | | | |] | | | J _ |_| 
— a 


35 |0.00259|00257|00256/00254/00252/00250/00249/00247 |00245|00244|00242/00240 
36 |. 00239)00237|00235|00234/00232/00230/00229/00227 |00226)00224}00222/0022 1 
37 00219}00218}00216)00214/002 13/002 11/002 10/00205/00207 }00205/00204|0020z 
00200/00199)00197 |00196/00194/00193/00191/00190/00188/00157/00180/00154 
39 60153/00181)00180/00178)00177|00175|00174)00173)00171)00176)00168/00167 


wo 
a 


40 |0.00166|00164|00163|00162|00160|00159/00157|00156|00155|00153|00152|00151 
41 00149|00148)00147 |00146/00144/00143/00142)00140/00139/00135]00137 [00135 
42 00134/00133/00132/00 130|00129/00128/00127|00126/00124 1001 23)00122|00121 

43 00120,00L18 ooh she 00115)00114/00113/00112}00110)00109)00108)v0107 


_——_— © © Nee 


00103|00102/00101{00099/00098/00097 |v0096 ona 00094 


00106)00105|00104 
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~) 
cv] 
—] 
o 
for) 
© 
oe 
i) 
i) 
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(e 2) 
—] 
i) 
i) 
i=7) 
~) 
i=) 
i=) 
i=) 
Q 
(~7) 
i) 
—) 
i—) 
Qa 
i=?) 
i) 
oS 
oe 
[=p] 
>on 
i] 
o 
i) 
>) 
vio 
i) 
oO 
S 
Sc 
we 
S 
i=) 
co: 
i) 
S 
S 
(=>) 
oS 
i=) 
oS 
i=r) 
=) 
de 
—ma CS 


0 |0.00041|00041|00040|00039/00039|00038]00037 |00037 (0003600035 |00035|00034| s 
00034 |00033|00032|00032/0003 1/0003 1/00030/00029/00029|00028/00025}00027| 1/0 
00027 |00026|00025/00025|00024/00024|00023)00023 [00022 |00022)00021}.:0021| 2}0 
00020/00020/00019/00019/00018/00018]00017|00017 |00016/00016)00016/00015| 310 
_ 20015 00015/00014'00014/00013/00013}00013/00012/00012/00011/0001 1}00011) 4] 1 

55 \0.00010|00010\00010 00009|00009/00009|00905]00005|00008|0000+|00007 100007 s 
56 00007 |80006/00006/00006/00006|00005/00005| 00005 |00005)0..004/00094/00004; 110 
a7 00004/00004/60003/00005/00003 |00003/00003/00002 100002 000sl0u002 00002!) 2}0 
58 0J002 orca ea 00001/0000 1 |G0001/00001/00001/0000 I (00001|00001/G0001| 3 0 
og 00000100000! 00000!00000!00000!00000!00000!00000100000!00000!00000100000! 441 


Y 


170 TABLE XXVIII. 


MIDDLE TIME, 
0 Hour. 


—_ 


“mM | oF | 5* | 108] 15° | 20s | 255 | 30s | 358 
2 .00000)86167| 1627013387 91416373]56064/6398217 067 6|7 6476/3 1591(86167 
4 94085197561 00779|03776106575/09211|11694]14042|16269]18388!20408 
3 


9 89498]59598/90294/90687 |9 1076/9 L462/91845|/92224/92600/9297 2/9334 1/93708 
10 3.9407 1/94431/94785]95 143/95494/95813]96185]96532|9687 2] 97 210]97545197577 
LL |3 98207/98535/98860/99 183/995 03/9982 1|00136]/00450}00761!01070/01376)01681 
12 |4.01953]02283)0258 1/02875]/03 17 2103 41640375 4]/04043/01329/041613/04896)05 177 
13 05456}05733/06008|06282|06554/0682 4/07093]|07360/07 625/07 889)0815 1/084 12 
14 0867 1/08925)09184,09438/096Y L}09943]10193}10441/10688' 10934) L1L175) 11121 


Ls (4.11663}01903)12142)12380/126 16/1285 1] 13085) 133 17| 13549) 13779) 14007) 14235 
16 14461/14657/14911)15134)15355|15576)15796)}16014/1623 1) 16448) 16663/16877 
17 17090|17302/17513)17723]17932]18139]18346]18552]18757| 18962) 19164| 19366 
18 19567}19768/19967|20165|20363/20559]20755/20950/21143/21336/21529/21720 
19 21910)/22100)/22289/22477/22664/2285 0; 23036/2322 1 /23404|23588/ 2377 423952 
20 |4.24133]24313]24492/ 2467 1124849/25026/25202/2537 8/25553|257 27/25901|26074 
21 26246|26417|26588)26758/26928]27 097 |27 265 |2743 2127599, 27765|2793 1/28096 
22 28260/28424/28587 |28750/2891 1/2907 3/29233|29393/295531297 1 2/2987 0/30028 
23 30185|30341/30497|30653/30807 |30962/3 1 115/31269 31421|31573 31725/31876 
24 32026/32176/32326/32475/32623/3277 1/32919/33066)33212 
25 |4.33793/33937|/34080/34223/341365|345 08)34649/3 47 90/3493 1/3507 11/35211)35350 
35 189135627 |35765/35903/36040/3617 6/363 13/36448/365841367 19|/36853 |36987 
37121|37254|37387 [3 7519/3765 1/37783/37 914/380 45/38175|38305|38434/38564 
38692/35821/38949/39077|39204/3933 1|39457/395 83/397 09/39835|39960/40084 
40209]40333/40456]4057 9/407 02}40825/40947 |41069/41190/41311141432]41553 
30 |4.41673/41793/41912/42031/42150)42265/12386/42504/42622!42739)42856/4 2972 
43088]43204/413320|43435/43550/43665|43779/43893]44007 44120) 44233)44346 
4445914457 1144683] 14794]44906]45017 45 127|15238]45348145458]45568]45677 
45786|45895]16003/46111/46219}46327 |16434)46542/46648]46755/4686 1 | 46967 
34 47073|47 179/47 284]47389/47494|47590447 702|47807147910/48014/45117|48220 
35 |4.48323|418425}48527 | 18629/48731/45833|48934/49035/49136/49236 49336'49136 
36 49536}19636]49735]4983 4149933/50032|50130150229]50326/504124 9092250619 
37 50716/50513/50910}5 1006/51102)/51195]5 129415 1389]5 1485}5 1580/5 1675151769 
38 51864 ]5 1958}5205 2/52 146]5 2240/5 2335 |52426/525 191526 12/527 05|527 97/5 2889 
39 §2981/93073/53 165|53256)53347|53435|53529|5 36201537 10)5380 1/5389 1/53980 
40 [4.5407 0|54160)54219)5 4338/54427 |545 15|54604|54692/547 80/5 4868)54956/55044 
41 §5131)55219/55306/55392|55479/55566)5565 2|55738/55824155910/54996/56081 
42 56166/5625 1/56336)5642 1/565 06/565 90/5667 4|56759|56842156926]57 010)57093 
43 57176/97260)57343/57425)/57508/57590/157 673157 755157 837 |57918|58000|5 8082 
44 §8163/58244/583 25 |58406/58487 |585 67 |58648]5 87 28|58808]58888]5 8967 |590417 
45 |4.59127|59206/59285|59364|594 13 |09522/5960015967 9|5 9757 159835 |59913|59991 
46 60069'60146/60223/60301/60378/60155/6053 2160608 /60685|60761|60838|60914 
47 60990/61 066/61 14 1/61 217 )}61292/61368)61443 1615 18/615 93/61667|617 142/618 17 
48 61891|61965|62039/621 13]62187 |62251/62334|62408|/6248 1|62554|62627 |62700 
49 62773 /62846|62918/6299 1 (63063 |63135/63207 16327 9/6335 1|63422|63494 63565 


——- | ——————_ |_| xX“ | xx“_—_— —_— | xr — | ccxc_-l-———q—_y|_ucxc€m  — — |. 


50 |4.63637|63708/63779/6385 016392 1/6399 | Ki4062164132/64203 6427 3|64343)64413 


LE ES SRL ES SL EE PLE SLES LT RT LE a ST SE IAAT: RR RR Ala a OL I TN PP 
ww & i ee 
On Cana 


700247 0085/7 0146)702:06|7 0267/7 032817 0388/7 0446]7 0509) 7 05697 062U 


58 69963 
707 49/7 0809/7 086570928 70955]7 1047 l; VLOG 71 166)7 1225/7 1285|7 1344 


59 70689 


408 | 458 | 508 | 558 [Pro. pts. 
90306 
22339 


33358/33503/33618 


51 64483 6455 3|64622|64692|6476 1164830/64899)|64968/65 037 |65 106165175 |65213 
52 65312/65380/65448/655 17 |65584|65 65 2/657 20/1657 88/6585 5 165 923165 990/66057 
53 66125 |66192/66258)/663 25 |66392/6645 81665 25 |66591/666581667 24/667 90/66856 
54 66922 |66987 |67 0531671 18167 184/67 249|67314 6737 9/67 444167 509|6757 4167639 
55 |4.67703167768]67 832/67 897 167 961 168025|68089/68 153/68216)68280/65344|68407 
56 68.47 1/6853 4168597 |68660)687 23/687 86/6884 9/689 12/6597 4|69037 |69099/69 161 
57 69224 (69286/69345/6941 0/6947 2}69533/695 95 |69657 |697 18/6977 4/6984 1/69902 


a ne a recientes ee 


fan 


TABLE XXVIII. 171 
To find the LATITUDE by DOUBLE ALTITUDES, and the ELAPSED TIME, 
ia MIDDLE TIME. pega eases 
1 Hour. Speete 
M | Os oe | doe [15s | 20" | 25s | sur) 35° | 40° | 45> 790° | 55° [pro. pes 


© |4.71403|7 146217 15 20|7 157 9|7 163817 169617 1755|7 181317 187 1|7 1930/7 1958172016) s 

72104|72162|72219|72277|72335|72392|72.150/72507|72564|7 2622/7 2679|72736] 1111 
72793|7285 0|72907|72963|73020|73077|73 133/73 190|73246|73302173358/73.414| 2} 99 
7347 0173526|73582|73635!73694|73749|73805|7 3861|73916]73971174027|74082] 3134 
74137|74192|74247|7 4302|74356/74411174466]74521174575|74624|74684/74738] 41 45 


i —— | ———~—-|—___- |]  ———_ | ————— | |] i SE 


. 14.74792/745.461741900|741955 75008|75002 75 116)75170)75223)75277/75330/75354| 5 
75437|75 49 1[75544/75597 |75650/757 03) 75756'75809/7586 11759 14)75967|76019] 1110 
7607 2|76124/76177|76229|76281|76333|76385|76437|7 6489/7 65 41176593|76615| 2| 21 
76697 |76748}|7680017 655 L176903)7695 4/77 005/77 057/77 108)77159|77210/77261| 3/31 
77312)77362|77413)77464|775 14/77565!776 16/77 666/777 16177767|77817/77867| 4| 42 


ef | | | ~ | SS 


“10 {4.77917/77967|78017|78067|7 8117|78167|78217|78266-723 16|78365|78415|78464| s 

11 | 78514|78563|78612|78661178710178760|78809|7885$ 78906|78955|7900 1179053! 1110 
12 | 79101]79150|79198|79247|79295|79344|7 939217 944017948817 9536/7958 4|79632| 21 19 
13 | 79680|79725|]79776]7982417987 1179919|79966/800 1 4/80061]80109]30156/80203! 3 | 29 
14 |  80251/80298]30345/80392180439/80486/80533/80580/80626180673|80720180766! 4/38 


levee nennd 


“15 [4.80813]80859]80906/80952/80999}81045|81091/81137|S1183/81229|81275|/81321 l| s 
16 $1367}81413/31459)51505/31550/81596/81641)81687/81732181778/81823\81868| 1| 9 
17 81914/81959/8200 4/82019/82094/82139)82184/82229/8227 4/823 19)82363/82408) 2/15 


18 $2453]52 497 |82542/82586/82630/82675/827 19|82763/82808/82852182896|/82910) 3 | 27 
19 $298 1|/83028)/5307 2/83 116/83 159/83203/83 247/83 29 1/5333 4/83378/53421/83465| 4136 
20 |4.83508/83552/83595|83638/8368 1/83725/83768)/838 1 1/83854/83897 /839.10/83983) 5s 

21 841025|84068'84111/84154/54196/84239/8428 1/8432 1/54366/84409/8 145 1/814193} 1] 8 
22 $4536/34575/84620/5 1662/8417 01184746/84788/8483 0/8487 2/8191 4/84956/84997} 2/17 
23 85039)55081/85 122/85 16 1185 205]852.47|85285|85330/8537 1/854 12|85454185 195| 3 | 25 
24 §5536|89077/85615|85659/857 00/357 41/85752/85823/85864/85904/85945/85986! 4 


25 |4.86026 36067|86108|86148/86188 86229/86264|863 1 0/86350|56390/86430/86470| s - 
26 865 1 1/8655 1/865 91/8663 118667 1/867 1 0/86750|86790/5683 0/8687 0/86909|86919| 1 
27 86989)/57 028)87068/87 107 |87 147/87 186/87 225/87 265187 30 1|/87343/87382|87421) 2116 
28 87461|57500/87539}87578 87617 /87656/87694|87733/8777 2/3781 1/87849/87888) 3 | 24 


5857 7/88615/8865 3/8569 1 [587291887 66/88804| 5 
31 | 8884218537 9/88917/889.54/88992189030/89067 /89 104/59 1412]89 17 91892 16]89254| 14 7 
: 35|89102)89.439]89.476|895 13/8955 0/89587|89621/89661/89698] 2 | 15 
33 | 8973515977 1|89808/59845|898811s9918]/8995 4/5999 1 |90027|90064/50100|90137| 3 | 29 
34 | 90173'90209/90246190282/903 18]90354/90390|90426|90 162/90498/90534190570! 4| 30 
35 [4.90606|90642/90678]907 14/907 49|90785|9082 1190857 |9089z|90928/20963|90999] s 
36 | 9103 4|91070}91105/91141/91176/91211/91247/91282/91317|91352\91387|91422| 1) 7 
37 | 91457/91493]91527|91563/91597/91632|9 1667 /91702|92737 |91772/91806/91841| 2/14 
38 | 91876/91910/91945|91980|920) 4/920 19|92083/92 L17|92152/92186/9222 1]92255| 3) 21 
89 | _92289/92323/92358/92302|92126|924160/92494|92528)92562/92596/92630|92664] 4 | 28 
“40 |4.92698|927321927 65/927 99|92933|92867|92900!9293 4/92968/9300 1|93035|93068] s 
41 | 93102/93135/93169|93202|/93236/93269 93302/93336|93309!93402193435 193468] 1] 7 
42 | 93501/93535193568|93601/92634193667 937 00|93732/937 651937 98|9383 1 /93864| 2] 13 
43 | 93897/93929|93962]93995 191027191060 91092/9.4125/94157|94190194222191255| 3] 20 
44 | 94247/94320/91352/94384/944 16/941449'94181|94513/945.45/94577|94609/941642| 4] 26 
“45 |4.94674,91706/91738'94770/94801194833 94865/94897 |94929'9496 1194992195024] s 
46 | 95056|95087|95119/95151/95 182|95214/952.45|95277(95305/95340|95371195402) 1] 6 
47 | 95 134/95465/95496/95528/95559/95590 9562195652, 956831957 15|957416|95777! 2] 12 
48 | 95808!95839|95870/959019593 1|95962|95993|96024|96055|96086]96116|96147] 3 
49 | 96178|96208|96239|96269|96300/96331 96361 [96392 96422 '96152/96483/96513] 4 | 25 
50 14.96544|96574|96604/96634|96665 [96695 967 25 1967 5596755 96816]96846|96876| s 


51 96906/96936 9696696996 |97 025/97 055 |97 085 97115/97145| 9717597 204/97 234) 1] 6 
52 97 264|97294|97323 97353|97383|97 412/97 442/97471 97501 97530197560/97589| 2112 
53 97618]97648/97 677 |977 07 |977 30 9776597794 0782497853 97882/97911|/97940! 3/18 
54 97 969)97998|98027 |98056/98085 381 14;98143|98172 95201 Ercee 98259|98288) 4124 


55 |4.98316/98345|98374 98403/95431 
98660/98689)/98717'98746)98774 
9900u/99028/99C057 99085 |SOLI3I99IAL 
99337|99365 199393 9942 1/994 18|99176 
9967 0/99693 (997 25 99753|99750/99805 


98802198831 9585998887 9801619 989411989721 1] 6 
‘99169199197 99225 99253199281 199309] 2| 12 
99504/99532'99559 99587/99615|99643] 3117 


'99835|99863 99890 99913/99945 199973] 4 | 23 


_ ————- ——— ——— — 


a TABLE XXVIII. 
To find the LATITUDE by DOUBLE ALTITUDES, and the ELAPSED TIME. 


MIDDLE TIME. 
~ 2 Hours. 
| 358 oe 4: : 5* |Pro. pts, 


208 | 258 | 30s 
5 .00000/00027}0005.5100082}00109/00137/0016.4]00191]00215]002-45/00272/00500 


ey Paeasee rarer perpen bepress ore 


6 01912)01937/01963]01985}02014/02040,02066)02091/021 17/021 43/0: 1] 5 

7 02219)022 15/0227 0)02296)0232 1/023 47/0237 2)02397|02423/02448 2/10 

8 02524/02549)/02574/02600/02625/02650/02675/02700)027 25/0275 1]u2776)02801) 3115 

9 02826)0285 1/02876)02901/02926/0295 1/0297 6/03001/03025/03050/03075/03100) 4| 20 
10 '5.03125/03149)03174/03 1199/0322 14/03248/03273]03298/03322/03347/03372/03396] s 

] 03.421/034 15|0347 0)03494/035 19/035 13/03568]035 92/036 1 6/0364 1/03665/03690) 1| 5 
12 037 14|03738)03762)03787/03811/03835/0385 9]03884/03908/03932/03956!03980; 2) 10 
13 01004)04028) 0405 2/01077/|04100/04125)01148/0117 2/04196/04220/01244/04268) 3) 14 
I4 0 1292/043 16/04340/04363/01387/0441 1/04435]04459)04482|/01506/04530 eh an 4/19 


— | Perms angen Pte Pad Peeesag PRES PUY Grea PE mEseee PRAT gues = Sp _-——_- — 


18 05116 


20 {5 .05962/95985|06007|06030]06052|06075|06097|06120/96142|06164|06187|06209| s 
21 06232/9625 4/0627 6|06299/06321/06343/06365/06388)064 10|/064132/06454}064176| 1) 4 
22 06 198), 06521/065 43|06565| 06587 |06609)] 0663 | /06653/06675|06697|06719|06741; 2] 9 
23 06763|067 85 /06807|/06829/06850|0687 2/06894/06916/06938/06960)0698 107003} 3113 
24 07025)070 17'07068/07090)07 112107133) 07 155/07 176/07 198/07 220)07 24) /07263) 4/18 
25 |5.07254 07306|07325 07349]07371/07392/07413 07 435|07456107478}07499107520) s 

26 07512 07563! 07584 07606 07627|07648|07670/07691/07712/07733)07754)/07776| 1) 4 
27 07797)07 02}07923)07 944107965 /07986]/08007/08628} 2) 8 
28 080 £90807 0108091 08112/08133/08154/08175/08196)082 16|/08237/08258}08274| 3413 
29 08300/08320'08341|08362]08383|08403/0842 1/08445/08465/084186108507}/98527| 4] 17 


30 |5. 03546 ae 89 08609 08630 08650 08671 08691 087 12 0387 32 05753 08773 s 


34 09518 v9 338. 09555 09577 09597 09617 {09637 09657 99676 09696 v9TL, 09735) 4/16 


“35 |5.09755 oss pssdosr 09814|09834/09853|09873|09893 
36 09290) 10910/10029) 10019) 10068/10088)10107)10126)10146 «[10165 10154/10204]) 1| 4 


39 10683] 10702)10721| 10740} 10759/10778| 10797 |10816/L083 4/10853)10872/10891 


ee et St oe ess) EO EE eS SS 


AV 15 .10910] 10929) 10947] 10966/10985|11004}11022/11041/1L1060/L1079/1 1097/1 1116) s 

Al L1135/11153)11172/1 1190) 11209)11228/11246)11265)11283)11302/11320/11339) 1| 4 
42 11357}11376/11394]11413}11431}11450/11468)11487}11505)11523)11542}11560] 2| 7 
43 11578)11597|11615]11633]11652/11670/11688)}L1 706/117 25,1 1743) 11761)/11779) 3] 11 


44 11797,11815|11834)11852/11870/11888/11906/11924]11942/L19GO} 11975) 11996; 4] 14 
45 |5.12014]12032/12050 


12065|12086|12104)12122|12140]12158|12176]12194]12212! s 

46 12229}! 22 17|12265]12283]12301|12319/12336/12354|12372]12390| 1240712425; 1] 4 
AT 12 143}12 160) 12475}12496)125 13/12531/12549)12566]12584 12661/12619]12637| 2| 7 
48 1265 4)1267 2) 12689}12707)12724)12742/12759)12777 1279 4/12811/1 2529/1 2846) 3) 11 
49 __1286.4/12881]12895]12916}12933/12950/12968)12985}13002}13020/13037 13054 4il4 
“50 (5.1307 4{13089]13 106]13 123] 13 140|13157|13175|13192]13209|13226|13243'13260| s 

51 13277|13294|13311{13228)133.45|13363|13380|13397|13.413|13431|13.447 3161) 1] 3 
52 1348 1}13498)13515]13532/13549/13566'13583/13600)13616/13633)13650/13667| 2) 7 
53 13684]13700)13717)13734/13751/13767:13784|13801] 13818] 13834/1385 1113868) 3} 10 
54 13884]13901/13917}1393 1) 1395 1|13967|13984|14000/ 14017) 14034) 14050)1 1067) 4) 14 


—< | ————— | TS SS ee ee ee eee eee 


55 [5 .14083}14100]14116}14133] 14149) 14165/1 4182) 14198] 14215] 1 123 1|i4217/ 14264) s 

56 14280]14297/14313]14329/143 15)}14362|14378]14394]14411)14427)14443)141459) 1] 3 
57 £4476} 14492) 14508}14524)14540)14556}14573] 14589) 1 1605] 1 4621/1 1637}14653; 2) 6 
58 14669} 14685] 14701)14717|14733)14749/14765|14781]14797|14813)14826) 14845) 3 
59 14861114877114893]149091149251149411141957114972114988115004115620115036) 1 


13 


TABLE XXVIII. 173 

To find the LATITUDE by DOUBLE ALTiTUDEs, and the ELAPSED TIME. 

ae) | 6 hMINEE R a 
3 Hours. 


0s 58 
9. 1505 1115067 
15240}15256| 1527 1/15287|15303]15318]15334]15350]15365|15381/15396)15412 
15427/15443) 15158] 15474115489] 15505/15520]15536/15551/15566]15582| 15597 


= 


15796] 158 12|15827]15842/15857]15873]15888]15903/15918]15933/15948]15964 
5.15979] 15994]16009} 16024]16039]16054|16069]1608 1]16099]161 1 4}161291 16144 


Sasaclasena 


10 |5. 16866] 16881|16895]16909|16924| 16938] 16953] 16967 8 
11 | 17039}17053/17068/17082/17096|17111)17125117139]17153/17168]17182|17196] 1] 3 
12 | 17210)17225/17239]17253|17267|17281117295|17310]1732.4/1733S]17352|17366| 2] 6 
13 | 17380}17394/17408]17423|17437]17451/17465}17479|17493]/17507/L7521]17535] 3] 5 
14 | 17549]17563/17577/17591|17604|17618)17632|17646|17660|17674|17688|17702} 4| 11 
17812] 17826/17840[17854|17867| s 
1| 3 
2/5 
18302]18315118329|18342118355| 3| 8 |i 
19 | 18369]18382]/18395118409/18422]18435]18449]18462]18.1475/18489|18502]18515] 4) 10 |} 
{8621|18684) 18617) 18660] 18674 8 
18778/18791/18805|/18818/18831] 1] 3 
18935]189417|18960|18973]18986| 2] 5 
23 | 18999119012/19025/19035!19051/1906-4] 19076] L9OS9/19102/191 15/191 28/19141) 3] 8 
24 | 19153/19166/19179]19192'19204/19217|19230/19243]19255/19268}19281/19293] 4 | 10 
25 |5.19306/19319]19331|19344/19357|19369] 19382/19395|19407/19420/19432119445]| s 
26 | 19457]19170/19483]19495/19508/19520| 19533/195.45/19558'19570|19583|19595| 1] 2 


27 19607 }19620|19632| 19645|19657/19670}19682}19694 19707|19719 19732)/19744, 2) 5 
28 19756}19769)19781}19793/19805|19818}19830]19842}19855|19867|19879|19891) 3) 7 
29 19904]19916} 19925] 19940}19952|19965| 19977] 19989|20001/20013/20025/20038] 4] 10 


$0 (5 .20050/20062/2007 4|20086/20098/20 110/20 122)20134/20146/20158/20170)/20182) s 

31 20 19.4/20206/202 18/2023 0/20242/2025 1120266|20275/20290|20302/21314/20326} 1} 2 
32 20338/20350|20362| 2037 4|20385 |203 97 |20409/2042 1|20433'20445/20456)20465] 2] & 
33 20480/20492'205 04/205 15|20527|20539/2055 112056212057 4/20586/20597|20609] 3] 7 
34 2062 1 |20633/20644/20656|20668/2067 9] 2069 1/207 02/207 14|20726/20737/20749) 4] 10 
35 |5.20760|20772/20784|207 95|20807 |20815/20830|2084 1 |20853/20864/20876/20887| s 

36 20899|20910/20922/20933| 20945 |20956|20967 |2097 9|20990/21002/21013/21024) 1] 2 
37 21036|21047|21059/21070)21081/21093)21104/21115|21126121138/21149|21160} 2) 4 
38 2117 2]21183)21194/21205|21217|/21228/21239/21250/21261/21273|21284/21295| 3) 7 
39 21306/21317|21328]21340/2135 1)21362/21373|21384)21395/21406|21417|21428) 4| 9 


a = inal se ——————| “| |———“_--OQOQ 


22214/22224]22235/22215/22255|22266| 2227 6/22287 |22297122307/22318/22328| 1| 2 
AT 22338/22346(2235 9/2237 0)22380/22390/22400)224 11/2242 1122431/22142)22452' 2) 4 
48 22.162/22472/22483)|22 193/225 03/225 13122524/22534|225 14|22554/2256 1 22074) 3 | 6 
49 2585122595/22605 |2261 5|22625/22635 [2264512265 6|22666|2267 6|22686/22696 4] 8 
50 \6.22706|227 16|227 26|22736]227 46] 227 56|227 66/2277 6 |22786|22796/22806/22516, s 
51 22826 |22836|22846|22856|22866]2287 6|22886|22896|22906|229 15|22925|22935| 1| 2 
52 22945 |22955|22965 2297 512298412299 4/23004/230 1 4)2302-4\23034/23013/23053) 2] 4 
53 23.063 |23073)|23082/23 092/23 102/23 112/23 121 |23131)231 11/2315 1/23160/23170| 3| 6 
54 23 180/23189/231 99|23 209/232 1 $123 228|23237 [23247 (23257 |23266/23276/23256) 4] 8 
55 |5.23295}23305/233 14/23324|23333/23343/23352/23362|2337 2|23381/23391/23400) s 

56 23410/23419)23 129123438/234 47 |23457123.166/23 176/23485!23495/23504/23514) 1! 2 

57 235 23123532|23542/2355 | |23560|2357 0/2357 9|23588/23598/23607|23616)23626) 2) 4 

58 23635|23644/23654 mg xa te 23681/23691 237 00|23709,237 18|23725)23737| 3} 6 

23746123755123765'23774 2378312379212380 11238 10(23820123829|23838|238 17! 4] 8} 


174 TABLE XXVIII. 
To find the LATITUDE by DOUBLE ALTITUDES, and the ELAPSED TIME. 
MIDDLE TIME. 


4 Hours. 
108 158 20s 258 


ee ee ee ee ee ee ee a eee 


= 

—) 
wo 

on 
eo 


23965 2397 4/23983/23992/21001'24010/24019)24028)24037 |24046)24055|24064) 1] 2 
24073 24082/24091/24099/24108/24 117 /24126)24135)24144/24153/24162!24171) 2 | 4 
24179 24188/24197|24206/21215/24224/2423 2/2424 1124250/24259 epee ot al 315 
24285 24294/24302!243 1 1/24320/24329/24337|24346)24355]21363/24372/24381) 4/7 

5.24389 24395/24407/24415/24424/24433/2444 1124150) 24458)24467|24476)24484) s 
214493 24501/245 10)24519]245 27|24536)24544)24553)/2456 1/2457 0/24578)/24587| 1|2 
24595 2 1604}2416 1 2)241621)/24629/21635/24646}2465 4/24663/24671/24680/24688] 2 | 4 
24696 24705/247 13}24722/241730)24738)24747124755)24763|2477 2)24780/24788) 3 
24797 24805/24813)/21822/24830/24838/24846/21855/24863/2187 1/24879/24888) 4 

10 [5.24896 21904/2491 2/2492 1/24929)]24937/249415/24953) 2496 1/2497 0/2 1978)241986) s 


5 
7 


CHONAG| Mew mS 


11 2499-4 25002/2501 0/25018125026/25035/25043/25 05 1/25 059/25067/25075/25083| 1|2 
12 25091 25099)25 107/25 115/25 123)25131/25139]25 147}25 155]25163/25171}25179| 2 | 3 
13 2518725 195]25203/2521 1]25219]25 227/25 235|25243/2525 1 25259|25266|/25274| 315 
14 25282'25290/25298/25306|25314/25321/2532! :25337/25345]25353/25360/25368| 4 | 6 
15 |5.25376'25384/25392/25399|25107/25415|25423/25430/25435/25446/25454|25461]| s 

16 25.469|25477|25484|25492125500125507|255 15'25523|25530/25538|25546/25553| 1 | 2 
17 25561/25569/2557 6/25584)2559 1125599] 25607/256 1 4|25622/25629|25637/25644| 213 


2565 2/2565 9/25 667 |25674|25682!25689| 25697 | 257 04/257 12/25719 
25742/25749|25757|25764/2577 125779) 25786] 257 94/2580 1/25808 


§ 625831125538 


25727\25734 rf: 
25816]/25823| 4/6 


21 25918/25926/25933/25940|25947/25955/25 962) 25 969/25 976/25984/25991 25998) 1 | I 
22 26005/26013/26020/26027|26034/26041/26048/26056/26063]26070/26077/26084| 2;3 
23 26091/26098!26105|26113}26120|26127|2613 4/2614 1/26148)26155/26162/26169) 3 | 4 
24 26176|26183)26 190126197 |26204/26211/26218)/26225|26232 26239/26246 26253} 4/6 


26572\26579 
2665 1126558 


3/4 
4)6 


s 


28 265 06/265 121265 19|265 26) 26532/26539/265 46/2655 2/2655 9/26566 
20 26586/265 92|26599/26605/266 | 2/266 19/26625/26632/26638)/26645 


3L | 267131267 191267551267 62126768|26775|26781| 267481267 94|26800/26807126813] 111 
32 | 26520/26826|26832/26839|26845|2685 1|26858|26864|26870|26877|26883|268s9| 2|2 | 
33 | 26896/26902|26908]26915|2692 1|26927|26933|2694 0|26916|26952/26958|26965| 3 | 4 
34 | 26971/26977|26983|26989|26996|27002|27008|27 014|27020|27 027/27033/27039| 4|5 
35 |5.27045|27051|27057|27063|27069127 076/27 082/27 088|27094|27 100|27 106|27 i1z 


s 
36 27118/27124/27 130/27 136/27 142/27 148|27 154/27 160/27 166/27 172|27178)27184| 1)1 
37 27 190|27 196/27 202|27 208/272 14/27 220/27 226/27 23 2/27238|2724 4/27 250/27256| 2/2 
35 27262)27 263/27 27 4/2727 9127 285/27 291 |27 297 |27303|27 309/27 315/27320|27326) 3| 4 
39 27332/27338)27344/27350/27355|27361/27367|27373|27379/27384/27390|27396) 4 | 5 

s 
41 27 470|27476)27481|27487/27 493/27498/275 04/275 10/275 15/27521/27526|27532) 1 


l 
42 27538|27543'!27549|27554/27560|27566/2757 1|27577127582|27588|27593)27599| 2 | 2 
43 27604)/27610/27615/27621|27 626/2763 2/27 637 |27643|27 648/27 65 .4|27659|27665| 3 (3 

2767 0|27675/27 68 1|27686/27 692/27 697 (277 03|27708/277 13/277 19/277 24|27729} 4,4 


5 6277351277 401277462775 1/27756|27 7 62127767 |27772 


40 |5.27402/27407 |27413/27419|}27425|27430)/27436)27 442|274417 |27 453/27 459/27464 
45 
1\1 
al | 
3/3 | 
ite 


4 


1/1 
28163/28168|28172/28177 |28182/28187|28191/28196|2820 1|28206)28211/25215| 2 | 2 | 
2822028225 |28230/28234/28239/28214/28249/2825 3/2825 8/28263|28267 |25272| 3/3 
28277|2828 1 |28286/2829 1 |28295/283 00|28305/283 09/283 14/283 19/283 23/28328} - 
7s) 5 .28332/28337 |28342/283 16/2835 | |28355/28360|2836 4]28369!2837 4/2837 8|25383 
56 | 28387 |28392|28396/28401/28405/284 1 0/284 14/28119128 123/28428)2843 2!25437 


2844 112844612845 012845 4|28459/28463128468|2847 2!28.17628.48 128485 '28 190 
68 | 28494|28498|28503|28507|285 12/285 16/285201285 25 |2852|28533/285381285 412 
| 59 | 28546|2855 1128555 128559128563 |28568|2857 212857 6|28580|28585|28589.28593| 


TABLE XXVIIL. 175 
Co find the LATITUDE by DOUBLE ALT ITUDES, and the ELAPSPD TIME. 


MIDDLE TIME, 


| RRR os 5 Sa DOP 
0 | 5s | 10s | 15° | 20° | 25° | 30° | 35° | 40s 
5.28597 28602|28606|286 10}286 1 1/2861 9]25623|28627|2863 1|28635/28639/28644 s 
"28648 28652|28656|28660|28664|28668]28673|28677|28681|28685|28689|28693] | 1 
28697 28701|28705|287 09/287 13|287 18|287 22/287 26|28730|2873 4128738/28742} 2 | 2 
287 46,28750]28754)28758|28762|287 66| 287 7 0/2877 4|28778|28782|28786|28790] 3 | 2 
28793 28797|28801|28805|28809|28513|288 17 |2882 128825 |25829]28832/28836) 4 | 3 


i | ff 2 ee ee 


28840 28844 23848/2885 2/2885 6/28860|28863|28867/2887 1/2887 5/28879|/28882) s 
28886 28890|28894|28898/2890 1|28905/28909|28913/28916|28920|28924/28928) 1/1 
28931 28935 )28939|28942|28946/2895 0|28953|28957|2896 1 |28964/28968|28972| 2|2 
28975 2897 9|28983|28986|28990|28994|28997 |29001|2900 4|29008|29012)29015| 3| 2 
sao Lo nOuzs 29026 29029 29033)29037/29040|29044 29047 29051) 29054 29058 4/3 


| | | | ES | | 


(SD eS ae apn ena PASE ART BRS a eng ATE! ETDS DEEDS are araeey PENT Pa PREIS) ———_—_ 


wow == 


25 {5 .29595/295 97 |29599/29602/29604/29607 |29609/2961 1 296 I 4|29616129619|29621| s 
29623/29626/29628/29630/29633 |/29635!29637 |29610|296 12/296 14/29647|29649) 110 
2965 1/2965 4|29656|29658|29660'29663 2966529667 |29669| 2967 22967 4|29676| 211 
29678]2968 1|29683|29685|29687|29689|29691|29694 wtifeceh 20098 /497 08 29702| 3) 1 
297 04/297 07/297 09|29711/29713 297 15!29717/29719}2 14 2 


5 .29730|29732|29734|29736 29738) 29740, 2974212974 4|297 46|29748 48|29750|29752| s 
31 29754|29756|29758|29760|297 62|29764'29766|29768|29770|29772/29774|29776| 110 
32 29778)/297 80/29782)297 84/297 86|29788|297 90/297 91/297 93 29795|29797 29799] 2|1 | 
33 2980 1/29803/29805/29507|29808 29810) 29812/29814/2981 6|29818|29819129821| 3] 1 
34 29823|29825 |29827|29828| 29830129832 29834/29835|29837|29839/29841|29842) 4|2 
35 |5.29844/29846|29548|29849|2985 1 20853 20554 29556) 2985512985 9) 2956 1|29863| s 
36 2986 1|29866/29868/29869/2987 1|2987 3 2987 4/2987 6/2987 8/2987 9/2988 1'129882| 110 
37 2988 4/29586|29887 |29889/29890 29892 29893/29895/29896/29898/29900/29901| 2; 1 
38 29903 /29904/29906)29907/29909/299 10 29912/29913/29915|29916/29915)29919| 3} 1 
39 29920/29922/29923|29925/29926/29928 29929 2993 0/29932/29933|29935/29936| 4} 2 
40 |5.29£37|29939|29940 2994229943 20914129916 16]299.17|29945|2995 0/2995 1/29952| s [ 
41 29954/2995 5 |2995 6/2995 8/2995 9]/29960/2996 12996329964 /29965/29966|29968) 110 ! 
42 29969/2997 0/2997 1/2997 3)|2997 4129975 |2997 6|2997 8|2997 9/29980)2998 1!29982| 2) 0 
43 29983)29985 |29986/29987 |29988/29989/|29990|29992|29993 |2999 J /29995|29996| 3 | 1 
dd 29997 |29998)/29999/30000/30001/30003/30090 4130005 /30006)3 0007 |30008'30009) 4} 1 


wn 


“45 15 .30010/30011|30012|30013/30014130015|30016/30017 [3001830019 30020' 30021 
| 3.0022|30023|30024|/30025/30026/30027|30028|30029|30029|3 0030/3003 1/30032| 110 


30033/30034)30035|30036/30037 |30038/30038)/30039/30010/300411 30012) 30043] 2/0 
48  30043)/30044/30045/30016/30047 |30048/30048!30049|/30050/3005 1/3005 1. '30052| 3] 1 
49 ; 30053/3005 4/3005 4/30055/30056|3 0057 [30057 |30058)]30059/30060 30060)30061 4/1 


| 
‘ 
“50 5 .30062|30062/30063|30064/30064|30065|30066/30066|30067|30065|30068|30069 : = | 


dl 3007 0/3007 0|3007 1/3007 1/3007 2/30073|30073|30074|3 007 4\30075/30075|30076 ate 
52 30077/30077 [3007 5)|30078/30079/3007 9|30080/30080/3008 1/3008 1/30082/30082| 2 
53 30083/30083|30084|30084/30085/30085|30086/30086130086|30087|30087'30088| 310 


54 30088/30089/30089|30089 [30090 30090)30090); seid all 30091/30092|3009 30092) 4 4ll 1 
“55 |5.30093/30093|30093|30094/3009 1130094|30095|30095 130095 |30096|30096 30096} ‘gs 

56 30096/3 0097 |30097 [30097 |30097 |30098/30098/30098/30098/300899/3 0099/30089) 1) 0 
57 30099/30100/30100/30100/30100|30100/30100/30101/30L01/30101 3010130101 2/0 
538 30101|30102/30102/30102/30102/30102/30102)30102)/30102|30102 Abbe Hie 3/0 


59 30103 mid Neg otal A 30103|30103/30103/30103/30103 30103|30103 30103)30103) 4 ys atl 


ee 


176 TABLE XXIX. 


‘To find the LATITUDE by DOUBLE ALTITUDES, and the ELAPSED TIME. 


2 
3 


RISING. 
0 Hour. 


20° | 25s | 308 45° | 50° | 55* Iero. pts. 
02436]21518|3765415 1044 |62642172873152021/90303 
9 9786001813|11250|17242!228.48]281 1413307 9137775 11223011646815050915.4370 


.. 59066}61612|65019168297 |7 145574503177 448)/50296)8305 4/857 26}883 19}90837 


158 


887 03/895 04|90297|91083/91862|92634/93399] 94157 [94909195 655 (96394) 97 127 


“LO 44.97 97 85 419857 4|99289}99998)007 01|01399/02091|02777103455}04134104805|054701 5 

2.0613 1/06786}07 437|08082/08723|09359}09991) 10618}11240/11859/12472}/13082) 1|119 
13687/14285] 14885|15477| 16066} 1665 1/17232!17809)}18382)1895 1}19517|20079} 2) 238 
20638/21192/217 44/22292/2283 6/2337 7 |23915|21449/24980/25508/26033/26554) 31368 
27073/27588/28100/28609)/291 16/29619/30120/30617/3 1112/3 1604132093/32579) 41476 


15 
16 
17 
18 
19 


ee ee ee, ee a es eS ee ee ee ee 


20 


CS Oe ed ee 


ee | | | | | | | | ON SSS TO SS 


j3.18162)15343)18522)18702)18881}19060}19238]19417|19594)19771/19949/20125 


50 


35 (3.06590 peroatiions 07207|07411|07616|07819|08023|08225 |08428|08629|0883 1 


; 51791}51913152035102196152278: 


2 .33063)/33544/34023|34498/3197 2/35442/3591 0/3637 6|36839}37299137758)38213] s 
38667 |39118/39567/410013/40457|40599/41339}41776}4221 1)42644/43075/43504) 1] 84 
4393 0)44355|44777|45 198)/4561 6/46033|46447 |46859|}47 27 v |47678/48085/4849 
48893|19294|49693|/50090/501486)50879)5 127 1/5 1661}5205 0/5 2436}52821}53205 
53586|53966/54344 54721/55096)55469)55841)56211)56580)56947 |57313)57676 


2 .58039/58400/58759]/5 9117/5947 4)59825)/60 182|60534/60885 |61234/61582/61929 
62274|62618/62960|63302/63611/63979/643 16|}64652|64987 |65329/65652/65982 


3|70796/71108 
73863 |74164|74464|74762 


71418|71728)72036/72343 72649 4 2954|73258|73561 
75060|75357 |75652|75947|76241/76533/76825/77 116 


— _—a« — | ————__ | ——————.  ———————— | | I | S| 


2.77405 |77694|7 7982|7 8269|78555|78840)7 9124/7 940717 9689)7 997 018025 1180530 
80809) $1086'81363181639|81914182188|8246118273.418300518327 6|83546|83815 
81083]64350 81617/84883/85 14818541 2|85675'85937 [86 199|86460/867 20|86979 
87238 87496 87753|88009'88265!885 1 9188773|89027 [892791895 31/89782190082 
90282) 90531|90779 1027|91273/91520 91765)|9201 0/92254|92497 |92739/92981 


SO a A eee PAPE AED Sr Ee -_—_— |- ———__ |§ —_———_—_ j —_ ———_! __-__—_ 


79322398 163/9370393942/94181/944 1 9194656|94893|95 129|95364/95599|95833 
96299)}96532)/96763 96994 97 224/97 454|97683}97 912/98 140|98367 /98594 
-98820)/99045|99270 99.195|99719 99942}00164/00386/00608]00829/01019/01269 
- 01488101707 (0192502 143|92360|0257 6/027 92/03008)03222)03437 |0365 1103864 
01077 (04289/04501|047 12|}01922/05133/05342/0555 1105760105 965)/06176,06383 


Wwirn 


09932/09232 
11406}11601 
137 18/13S08 
15969) 16154 


09432/09632)09831)10029) 10227/10425/10622)1L0S819/11015)11211 
11796)11990)12184)12377}12570/12762)}12954|13146/13337}13527 
14097 |14286)14475}14663/1485 0) 15038]15225/15411)15597|15783 
16338|16522)16706}16889|17072/17255|17437|17619/17800}17982 


20301)2047 7 |20653|20828|21003|21177/21351/21525|21699}2 187 2/22041/22217 


sascaal * ogee al Wee ae nA Prema, Pepe pee meeny PgR EPS Py Pe PEN Pane or he ~ 


33950/34100/3425 0/34400/3454913 4698 34847 |3 1995/35 1441352921354 39 35587 


39195|39336|3947 7 |39618/39759|39899/40039/40179|403 19}10458]40597 110736] 1] 27 


3 .37482/37626/37770|3791 4138057 138200/38343/38186|3862513877 0130912 aaeak s 
aie 41013 ae 152,41290/41427|41565 oes ea 41976]12113]42250}12386) 2] 55 


50314/50438 50 562 50686 50809 50933! 51056 si 1424; 51541 51669 3; 75 
1 


TET, 8 


TABLE XXIX. 177 
To find the LATITUDE by DOUBLE ALTITUDEs, and the ELAPSED TIME. 
RISING. 
copings’: Hour. 
20° | 25° | : 
2|53482|53602|53721|53810|53959/54078/54197154315 544345 1552! 5 i| 


54905 |55023/55 140/55 25515537 5|55492/55605|155725/55841155958] 1/23 — 
56421|56537 |5665 2/567 67|/56882/56997 57112)57226/57341) 2446 | 


358 | 40° 


54670\5 1788 
5607 4156190/56306 
57 155]57569]57 653[577 97/57 910158024|58137|58250|58363[58476/58589|58702| 3|70 
58814]55926]59038|5 9 150]59262|59374|5 9486|59597|597 08/5981 9159930160041] 4| 93 


$$] — ————— |_— | | |. | ES 


M 
0 
1 
2 
3 
ee 
5 '3.60152160262|60373/60183|60593|/607 03160813|60923|/6103216114316125 1161360] s 
6 61469|61575}6 1686/6 1795/61903/62012/62120/62228/62336/62443,6255 1162659] 1 
7 
8 
9 
“10 


21 
42 
63 
85 


627 66|/62573|62980/63 087 [63 194/633 0 1/63407/635 13/63620/637 2663832163938] 2 
64013)/64149]64254/61360/61465|6457 0/64675/64780/64~§5/64989/65094/6519s| 3 
65 302 65 suvie 655 10 6: 5614 637 09717 65821 65924 peuey 66131 uasee 66337 apes 4 


SS SS a eee 


31 "39097 391 76 $89254/89333/89411 89.459 89567 89645|8 897 23|/89801 $9879 89956} 1134 
32 9003 4/901 12}90189/90267 |90344/9042 1!90498/90576/90653|90730!90807 |90884) 2 | 31 
33 90960/9 1037/9111 4/91190'91267/91343/91420|91496|91572|91648/91724/91800| 3 | 46 
34 91876/91952/92028/92104/92179/92255/9233 1/92406/92482/92557|92632|92707| 41} 62 


ee a A a a eS ee ee See 


35 |3.92782/92858]92933|93007 93 052/93 157 |93232/93306/ 9338 1/9345 6/93530/93605| s 

36 9367 9|93753|93827/93901193975|94049|94123/94197 |9427 I }94345/941418|94492) 1 
37 94566|94639/947 12/947 86|94859|94932)/ 95005 |95 07 8/95 152/95 224/95297|95370| 2) 29 
38 95443}955 15|95538/95661/95733/95806|95 87 8/95 95 0/96023/96095/96 167 96239] 3144 
39 96311!96383/96455/96527 |965 99/9667 0/967 42/96813/96885 |/9695 6|97028)/97 099] 4|58 
40 |3.97170|97242/97313/97384|97455 9752697597 97 667 |97738/97809/97 880197950] s 

41 98021/98091|98162)98232|983 02/9837 2|98443/985 13/98583/98653|987 2398793; 1114 
42 98862/95932|99002|9907 2/991 41/992 11/99280/9935 0/9941 9/99488'99557 |99627| 2) 28 
43 ; 49696'997 65 |99834/99903|9997 2/00040/60109/00178'00217|00315/00384/00452| 3 | 42 
44 |41.00521 00589|00657|00726 00794/00862|00930/00998/01066)01134 wh be A Tt 4156 


“45 (4.01337/01405|01473/01540|01608|01675|01743/01810/01877|01945|02012'02079| s 

16 02146)02213|02280/02347 |02414|0248 1 |02547|026 1 4/02681|02747/02814/02880| 1113 
47 02947 |03013|03080)03 146/032 12/03278/03344|03411/63477|03542/03608|03674| 2 | 26 
48 03740/03806|0387 1/03937 |04003'04063|04134|04199)04265|04330/04395/04460| 3 | 40 
49 04526)0459 1 /04656/01721/041786/04185 1/04916 04980/05045 05110}05175 05239 Z| 


— | ——_—- | -§ —————_ | —_—__ | —$_—_— | —————— _ j—______} _— —— —___ 
> —EE 


50 4.05304 05368 05433|05497 |05561 05626|05690|05754 (05818 05882/05946|06010) 5 
0607 4|061338/66202/06266|0633 0|06393 |06457 [0652 1/06584|06648)0671 1106775] 1 
06838/06901 06965 /07928)/07091 07 154/07 217/07 280 08005 08167 07469/07532| 2) 25 
3 
4 


07595/07 657/077 20/07 78307845 |07 93/0797 0/05033 08095 |08157|08220)08252) ; 
54 08344/08406 08463 08530 08592/08654|087 16/08778 aap A ae 08964 |09025 50 


55 |4.09087/091 48|09210,0927 2|09333/09394/09456/09517'09578/09640/09701/09762) 5 
56 09823|09584|09945|10006/10067|10128/10185)102 $9,10310,10371)10431/10492) 1 
57 10552/10613)10673|10734|10794|10854/10915]10975/11035)11095)11155/11215) 2 
58 11275|11335 11395)11455 11515|11575)/11634 1169411754 11813 11873}11932) 3 

11992}1205 1]/12111)12170}12229'12289'12348}12407 |12466 12525)12584}12643) 4 


|! 
| 
= 


178 


Vo find the LATITUDE by DOUBLE ALTITUDES, and the ELAPSED TIME. 


Bw c| 


eee 


Il 
12 
13 
14 


4.16163 


‘10 4. 19482] 19536119590} 19644|19698|19752/19806| 198601991 4|19968120022120075| s 


“Ts |f 


200034 12702 12761 12820 12879! 


. 22668227 20] 2277 2]22824122876 22876|22928 2928 22080 23031 23083 23135 mie 23238 s 


TABLE XXIX. 


RISING. 
~~ 2 Hours. _ 

258 | 308 | 35s | 405 
12996|13055 13114 13172 Foapiissepiu 13315] 5 


Car ey BS 10° | 15* | 208 | 2 
12938) 


16835}16894/ 16950] 17006] 17062/17117|17173]17229]17285]17340|17396]17451 
17507 17563) 176148) 17673|}17729)17784/ 17840) 17895}17950/18005/1 8060/18 116] 2 22 
1817 1/15226/ 1828 1}18836)18391!|15445/18500)18555)18610/18665]18719}18774) 3} 33 
18829] 15883]18938]18992/19047/19101/19156]19210]19265|193 19}19373|19427] 4] 44 


20129/20183|20236}20290/203 14|20397 |2045 1/20505/2055 8/206] 1/20665}20718 
2077 1|20825/2087 8]2093 1/20984) 2 1037/21091|21144]/21197/21250/21303)/21356 
21409/21461 21514)215967|21620)21673/21725/21775/2183 1/21883/21936/21988 
22041)/22093/22 1 16/22198)22250/22303 22355]22407|22459 22511/22564)/22616 


21 "26330 3of263s0/20420)ar 26179 26529126578 26628|26677|267 27 |26776|26826/26875| 1|10 
22 2692 1)/26974/27023/2707 2/2712 1/2717 1/27220/27 269]273 1 8|27367|27416/27465| 2} 20 
23 275 L4/27563)27612)2766 1/277 1027759) 27807 |27 856/27 905/27 954|28002/25051| 3} 29 
214 25099) 28 1 48/28197/28245/28294 28342 28391/28439/28487 |28536/28584/28632] 4) 39 
25 [4.2568 1|28729 28777 (2882512887 3|2892 1 |28969|290 17 |29066/291 14|29161|29209) s 

26 29257/29305|/29353|29401129149)/29496|29544|29592/29639|29687 129735129782) 1/10 
27 29330/2987 7 |29925|29973/30020/30067|/30115/30162/30209/30257 (30304 /30351) 2/19 
23 30398)30445)/30493/30540/30587!3 0634/3068 1/307 28/307 75/30822)30869/30916] 3 | 29 
29 0963/3 1009/3 1056/31 103/31150/31197 (3 1243/3 1290/3 1337 /31383/3 1430/3 1476) 4/38 
30 |4.31523/31569]3 1616/31662|31709|31755|31801|31848]3 1894|/31940/31987/32033] s 

31 32079)/32125|32171/32217/32264/323 10)32356/32402/3 2448/3249 1/32540/32586] L| 9 
32 3263 1/32677|327 23/327 69/328 15/3286013 2906/3295 2|32997 |33043/33 089/33 134) 2] 18 
33 33180)33225|3327 1/333 16/33362/33407 133.45 3/33498)/33543 33589/33634/33679| 3/28 
34 $37 24/33770/338 1 5|33860/33905/3395 0)33995|34040/34085/34 1303417554220] 4 | 37 
35 [4.34265/31310/34355/34400]34414/34489/3.4534/3457 9/34623/34668/347 13/3 1757) s 

36 $4302)/34847|3489 1]34936/34980/35025135 069/35 1 14]35 158/35202/35247)35291) 1| 9 
37 39335/35380/35424/35468)355 1 2/3555613560 1135645 [35689135733 /35777|35821) 2/18 
$8 35565/35909)/35953]35997 |36041/36085]36 1 28)/36172/362 16/36260/36303|36347| 3 | 27 
39 3639 1/36135|364178]36522/36565/36609/3665 3|36696/36740}36783/36527/36870) 4 | 36 
“40 |4.36913]/36957 37000|37 043|37 087/37 130/37 173|37216|37260|37303|37 346|37389| s 

41 37432)37475|/37518}37561 137604137647 |37690|37733/37 776/37 819/37 862/37905| 1| 9 
42 379 18/37990|/38033/38076/38119/38161/38204/38247 |38289/38332|38374/39417| 2} 17 
43 384160/38502/38545|385 87 |38629/3867 21387 14138757 |38799)388 41|38384/38926) 3 | 26 
44 38968/39010/39052/39095/39137 1/3917 9/3922 1139263139305 ]39347 [39389|39431) 4) 35 
45 |4.39473]39515|/39557/3959913 964 1|396831397 25/397 66|/39805]39850/39892|39933| s 

46 39975}40017|10058}]40 100}40142/10183] 40225] 10266/40308]410349/10391 |40432| 1} 8 
47 40474] 10515}40556]40598}10639] 10680] 10722] 10763|40804/40845] 10887 }40928) 2| 17 
48 40969)41010)41051}41092)41 133}41174]41215}41256)41297/411338}41379)41420) 3) 25 
49 41461) £1502/41543}411583) {1624/4 1665] 11706] 11746}/41787|41528)41868/41909) 4/31 
50 |4.41950) 41990) 1203 1/4207 1) §2112)/42153]42193] 12233 /42274| 123 14)42355/42395) s 

51 42435142 176]42516]42556] 42597 |42637 }42677| 127 17 |42758)42795/42835/42578) 1| 8 
52 42918]42958]42995/43035} 13078)43 118]13 158]43 198}43238/43278]}43318)43258) 2) 16 
53 43395]43 437 |43477]435 17 | 43557|43597 43636] 1367 6| 13716] 13755 /43795/43835| 3) 24 
o4 


448 18/4 1857] 144896 }44935|44974]45013/45052/45091/45 130} 15169}45205]/45247) 1] 8 
45286115325]45363] 45402)45441}45480] 15518] 15557 /45596) 15634] 45673/45712) 2) 15 
45750}45784|45827 |45866]45 905/459 13] 15982] 16020/46058|46097|416135|46174) 3 | 23 
4621214625 0116289116327116365' 164046 1421164501465 15116556116595146633| 4130 


TABLE XXIX. 
To find the LATITUDE by DOUBLE ALTITUDES, and the ELAPSED TIME. 


RISING. 
3 Hours. 
208 25s | 308 | 358 
Q {4. 4067 1 46709|46747|46785|46823}1686 1 16899] 16937] 16975|47013/4705 1147085 s 
47127 47165|47203)47 24 114727 8|47316)47354]47392|47430|47467) 17505147543} 1 | 7 
47580 47618|47656|47693|4773 1 47768/47806/47843/47881/47918/47956/47993} 2) 15 
48031 15068!48106)48143)48 1801482 18]48255]}48292148330/418367/15404/48441} 3 | 22 
4647) 185 16)48553]/48590}48627/48664/487 0 1|48739]48776/48813)48850'48587; 4/30 
1.48924 48961148998] 19035|41907 1]491 0814191 45/49182]19219/49256/49293/49329 8 
49366 49403|49440/49176|495 13/4955 0/49586/49623]49660/49696/49733/49769] Li 7 
49806 49842149879] 49915]41995 2/49988]50025!50061/50098|5013 1150170|50207| 2) 14 
50243 502791503 16/5035215038815042 1/5 0461/50497150533/50569/50605|50641] 3|22 
50677 50714|50750/50786/50822)50858/5 0894/5 093 0]5 0966/5 1002/5 1038/51073] 4 | 29 
10 }4.51109 51145/5 1181151217/51253)5 128915 132 1/5 136015 1396)51432/51467/51503) s 
51539 51574)51610)5 16 46)51681)5 17 17/51753)5 1788)5 1824/5185 915 1895!51930 tA bey 5 
51966 52001/52037|52072!52 107/52143|/52178]52213152219/52284|5 23 19|52355 2/1 
52390 52425524615 2496|5 253 1|52566]5260 1]52636|52672)52707|5 SO he dibe otek 
a) Se apa ee ea aN Ne aad 4 


oe | 58s 10s | 158 


ee ee ee 


| 408 | 45% | 50° | 558 |Pro. pts, 


s 
53648 93083|93718158752153787 7{58821153836153891(53025|5306010390413 1029 | Sy’ 
51063 51097(5413215.4166)5 1201154235 |541269154304|5433815.1372[5.4407/5444 1 2/14 
g4475|645091645441645781646115-4616\5 08018 1715|64740154783154817154851| 
54885 '51919)54953/54987(55021/55055|55089]55 123/55 157/55 19 1155225|55259] 4] 27 
4.55293 55327/55360/55394/55428)55462)55496)55529/55563155597|55630|/55664] § 
55698; 557321557 65|55799|55832|55866)55900|/55 933155967 |56000156034|56067| 1] 7 
56101/5613 4/56168)5620 1/56235/56265]56301)56335|56368/56401)56435|56468) 2) 13 
§6501/5653 4156568)/5 660 1]/56635'56668]5 67 01|56734|56767|56800/5683 1156867] 3 
§6900|56933|56966/56990|57032/57 065/57 095/57 13 115716 4]57 197|57230/57263] 4 
4.57296/57329|57362157395|57 428157 460)57 193|57526|57559|57592157625|57657| 8 
57690|57723157755|577 88]5782115785 4|57886,5791 9/5795 1]57984/58017/58049' 1| 6 
58082/58114|58147|58479]582 12/58244'58277|58309]5 8342/5837 4|58407 (58439 
5847 1|58504|58536[58568)5860 | |58633 58665 |58698]587 301587 62/587 94158827 
Ap oed ia lcild DE ak i cd edd bie es 


"59627/59659|59691139723159755(5978615981815985 0k speee sagt Gooa Ope 
60008)60040/6007 2|60103/60135|60167|60198/6023 0/6026 160293 /60324/60356 
1a CEA STAG pied poled be radar mene rad ed AL a 


61512/61543|6157 4/61605'61636 1698|617 29|61760/61791 61822/6185: 
61883|61914/61945/61976)62006)62037 62068/62099/62129/62 1606219 1)62222 
Te ert ee a cent te eueicr enol sacete aan! tehaelicensEaned 
62619/62650|62680/627 1 1/62741/62771/62802/62832/62863 62893, 629236295 | 


—| ————S S9§ | —— —————— | — | | ———_ | sf) | | Oo | | | I | 


me Wh eH 
— 
i) 


4.6298 4163014 /63045|63075/63 105]63 136/63 166/63 196]63226|6325 7163287 |63317 
63347 |63377 [63407 |63438)/63468|63498 635 28/635581635 88/636 1 8'63648163678 
637 08/63738 637 68/637 98/63828/63858/63888)63918/639418163978/640058/64038 


64306(64336'64365/64395 


64068|64097 (64127 |64157|64187|642 17 |641246/64276 


__ 64425 /6 1455/6148 1/6451 4/645 .44164573 61603/64632)6 1662/61692/6472 


dee CON me 
< — 
Nw 


64721)64751 


61810'64839164869|64898|64928|64957|64987 [65016165045 |65075165105 
65 163165 193/65 222/6525 116528 1/653 10/65339165369/65398 (65427165456 


45 {4.64780 
46 65134 


een —————_—]- 77 O~_|—— | —__—_—_-— 
— os 


50 4. 66555 passe 6661S oat 00702 SOT jr 0007s 60817081 
51 6687 5|66903 66932/66960/669~9/67 015/67 046/67 07567 103)67 132/67 160)67 189 
52 67217|672.16|6727 416730316733 1167 360|67388|674 16|67445|67 173|67502167530 
53 67558)/67587 (67615167 643|67 67 2|677 00/677 28/67 756/677 85/678 1316784 1/67869 


o4 REDE Rae Ores 2821080 10IGENSBIES066 6809 1165128168) 5 NGS) 1 BIGRI07 


he CON DH 


———q—_ |e _—|. | | —— l[— lo 


55. 14. 1. 68235/68263 68291/68319|68347 5375165403/6843 116845 9]|68487 685 15/65543 
| 56 6857 1168599 68627 |6865 4|68682|6387 10/687 38/687 66|687 94/6882 1|68849)/68877 
69154|69182/69210} 2/11 
69486|69513)69540, 3) 17 


69815|69842|69870| 4|22 


— 
> 


57 | 68905/68033 68960 
58 | 69237169265 '69292 
59 | 69568/69595 69623\ 


68988|69016|69043|69071|69099!09127 
69320169348/69375 sJso40g|o04s0{69158 


4.61139/6117 161202161 233|61264|61295 61326/61357161388|61419|61450|\61481 
| 69788 
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Boevie RISING. 


30 14.79051(79074(7909817 91 22\7 


eCO—m_—_—| ——_—__ ~~ “~~; —-—_———_/| ———-——_- 


I LT : 
180 TABLE XXIX. 


To find the LATITUDE by DOUBLE ALTITUDES, and the ELAPSED TIME. 


> 


4 Hours. _ 
_M_ Toe 5s 10s ' Las 


20° | 25s | 303 | 358 
0 (4. 69897)599z 5997 1]09993469979]70006|70034|70961|70088'701 15|70143]70170|70197 8 
7022 1170252170279170306' 


70333/70360)70387|70415 
70550|70577|70604|7 063 1170658)7 0685)7 07 12!7073 917076617 0793/70820/70847) 2/11 
7087 4|70901| 7 0928/7 0955'170982/7 1009)7 L036/7 1063/7 1089/7 1116/71143)71170} 3/16 
7119717 122 4|71250|7 1277713047133 1)71357/7 1384/71111171438}71464|\7149 1} 4 | 22 

. 1.71518 71544 71571 


71598|7 162417165 1|71678]7 1704|71731|71757|71784|71810| 5 
71837|71864)7 1890'71917/71943)7 197 0]7 1996)72023]7 2049/7 2075|72102/72128) 1] 5 
72155/72181)72208|72234|72260)/72287 |7 2313/7 2339}7 2366|7 2392/72418/72445|) 2}10 
7247 1)72 197) 72523)7 255017257 6/7 2602)7 2628/7 2655]7 268 1 


72785)72812)72535/7 2864/7 2890)7 29 1 7 29.12|72968]7 2994|73020173046/73072) 4/21 


ee ee ee ee eee eee, eee ee 


“Lo |4. 730: wh) 73125); ising 73177 73203|73225 73254 73280 73306 pueeg 73358|73384 8 


ee 


773926 73951 73977|74003} 2/10 
13 71028|74054]7 4080|74105|74131|74157|74182|74208174233|74259|74284|74310) 3/15 
li 74335/74361)74386)74412 74437 74463|74488)745 14|7 4539/7 4565|74590|74616} 4/20 


15 |4.74641|7 4606|7 46921747 17|74742) 74768|74793|748138|7484.4|74869|74894|74920] 5 

16 74945|74970)74995|75021|75046}7507 1|75096/75 122|75 147 |75172|75197/75222) 1] 5 
17 752477527 3|75298|75323)/75348|75373|75398]75423/75445|75473)75 198/75523) 2110 
18 755.419|/75574175599|7562 4175649|75674|75699|75723|75748|75773)75798)75823) 3) 16 
19 75848|75873]75898)75923'75948)75 97375997 |7 6022/7 60 17|7607 2/76097/76121| 4] 20 


20 |4 761467617 1|76196]7622 11762457627 0|76295|76320|76344|7 6369|76394/76418] s 
21 BE Tis ade elie | 5 
22 | 76738 76763|76787|76812|76836|76861|76885|769 I 0/76934|76959|7 6953|77008} 2 

23 | 77032|77057|77081|77105|77 130177 154]77179|77203|77227|77252|77276|77300| 3) 15 


24 | 77325,77319|77373177398!77422|77 446|77470|77495|77519|77543 
25 |4.77616|77640|77664|7 7 656|77713|77737|77761|77780|77 809 


77804|77833|77857|77882| gs 

26 77906|77930|77 95417797 8|78002|78026|7 805 0/7807 4|78098]78122/78146}78170) 1] 56 
27 78194/78218]78242|78266|78290'783 14|78338/78361 178384] / $8409,78433|78457| 2110 
28 7818 1'78505|78529178552 278576 78600]78624|7 86.18|7867 1]78695|78719178743) 3|14 
29 78767 |78790|78814]78838 78861178885 |78909]78933/78956]7 8980/7 900479027) 4)19 


SSE MSA Mite setae Sy ——| ————~—| ———— | ———_ | —————_ ] 


9145179169]7 9192/7 9216|79240}7 9263|79287/79310] s 

31 | 79334,79357|7938 17940 1/7 9423/7945 1179 175]79498|7 952217 95 15|79568)79592) 1| 5 
32 | 79615|79639|79662|79686|7 97 09|79732|7 975617 9779|7 9802] 7 9826/79849|79872) 2] 9 
33 | 79896|79919|79942|79965|79989|500 1 2|80035/80059/80082/89105/80128/30151) 3114 
31 | $0175/80198|8022 1/802 14)80267/80290/803 1 4'80337/80360/80353/80 106/80129] 4] 19 


35 [1 80452/80475/80198]8052 11895 45|30568/8059 1/306 1 4|50637 |80660|80683)807 06] s 

36 | 80729/80752/80775|807 97/80820|808 43|80866/80889|8091 2/50935|S0955]30981] 1] 5 
37 | 81004|51027|81049|81072/81095181 1 1$|81141/81163]51186/81209/51232]/81255| 2] 9 
38 | 81277(81300/81323]81316/81368/81391 [8141 4|8 1437/81459)81482|51505/81527| 3] 14 
39 | §1550/81573/81595/81618/81641/81663|81686|81708/81731|51754|81776/81799) 4] 12 
40 |4.51521/81844/8 1866/81589/81 91115193 4/8 1956]/81979]82001 [8202 4/82046]82069] s 
41 | 82091/82114)82136|82159)8215 1/82203|82226|82248/8227 1182293|52315|82338] 1) 4 
42 | 82360/82382/82405|82127/82419/82172/82 49 1182516/82538|82561/52553/82605| 2| 9 
43 | 82628|82650|82672/82694|827 16]82739/82761|82783|82805/82827 |82850/82872, 3/13 


44 8289 4/82916)/82938|/82960/82952/83 004/53026/83049/8307 1/83093/83 115 33137 4/\18 
“45 |4.83159|83 181/83203/83225|832 17 83269/83291 |83313|83335 (83357 83379)33401| s 

46 83423|83445/83467|83488/835 10/8353 2/83554183576|83598183620/83642/53 663! 1| 4 
47 836851337 07/83729|8375 1|83773|837 94 |83816|83838|83860|8388 | [83903 83925, 2] 9 
48 83947 |83968/83990/840 12/8103 4}84055|84077 |81099|84 120/84 142/841 63/84185) 3) 13 
49 84207 |84229/8425 0/8427 2/84293'84315 84337 84358/84380/84401|81423 ne 4118 
50 |4.84466|84488|8 1509)8453 1 /8.1552)/54574|84595\84617 (84638 34659|84581|84702! 8 

ol 8472 3/81745/8.1767|84788'8 1810/8 183 1/8485 2/8487 4/81895/54916/84938/84959) 1| 4 
52 81983 |85002|/85023/85 04 1/85 066185 087/85 108/85 130/85 15 1[85172/85194/85215| 2] 9 
53 85236/85257 185 278/85 300/85 32 1185342/85363/85385 [85 106/85 427/85 148185469) 3113 
54 85 490/85512/85533155554/8557 5|85596|856 17185638 /85659)35680159701/55722| 41 17 


55 |4.85744/85765/85786/85807|85828/85849/8587 0/8589 1 (859 | 2/55933/8595 1185975) s 
56 $5996|86017 |86035/86055|8607 9/86 1 00/8612 1/86 142/86 163/86184/86205|/86226) 1) 4 
BY é 86247 |86267|86285|86309/8633 018635 1/8637 2/86392/8641 3/86134/86455|86175| 2) 8 
58 86496 /865 17/86535|865 59/8657 9\86600/8662 1/56641/86662 36683|86704/86724| 3) 13 


59 + §86745|86766186786\86807186828186848'1S68691868891369 1 013693118695 1|86972| 4] 17 


TABLE XXIX. 181 

To find the LATITUDE by DOUBLE ALTITUDES, and the ELAPSED TIME. 

r RISING. - 
5 Hours. 

25° | 30° | 35° | 405 | dos 

87095|87 116|87 136|87157|87177 


Os | 55 108 15s 208 558 


4.86992 87013)/87034/87054)87075 
87239 87259|87 280/87 300/8732 118734187 362/57382/87402|87 423/87443/87464 >| 
87484/87505|87525|87 545/87 566/875 86/87 606/87 627 |87647|87 667|87688|/87708) 2] 8 
87728 87749|87769|87789)87809|87 830/87 850/87 87 0|87890/87911/87931/87951} 3| 12 


M Pro. pts. 
0 
1 
2 
3 
4 87971/87992 88012/88032/8805 2/8807 2|88093/85113|88133/88153/8S173/88193) 4} 16 
5 
6 
7 
8 


87 195|87218| s 


— ee ee ee ee eee 


4.88213, 8823 4/8925 48827 4|88294|883 14/8833 .4|S8354/85374|88394/88414/88434| s 
$8454 88474|8849.41885 14/88534|8855 4/8857 4/885 9.41886 1 4|88634|88654|88674 | 
\88774/88794/88814/88834/88853/88873/85893/88913} 2] 8 
88933)88953|8897 3/88992| 8901 2/89032/89052/S9072/8909 I |S9LIL/SY1I31/89151) 3 {12 
9 8917 1/59190/8921 01892308925 0/89269/89289/89309/89328/89348/89368/89388) 4] 16 


i | | ef | | | 


“10 | £.89407|89427|89447|89 166|89486'895 06/895 25|895.45/89564|89584/89604/89623] s 
il 89643 '89662|8968 2/897 02/8972 1/897 41/89760/89780|89799/89819/59838/89858) 1] 4 
12 $9877 |89897|89916/89936|8995 5/8997 5/89994/9001 4|90033)90053|90072)90091| 2] 8 
13 9011 1/90130}90150/90169)90188/90208/90227 |90247 |90266/9028.5/90305/90324| 3} 12 
14 90343 /90363/90382/9040 1/9042 1/90440/90459/90178/904198)905 17 /90536/90555| 4] 16 


| | S| | | | | ———_) | | 


“Ls 14. 90575/90594190613/90632|9065 2/9067 1190690/90709/907 28/907 18|90767|90786| s 

i6 | 90805'90824|90813190863|99882|90901/90920/90939|90958/90977|/90996|91015| 1] 4 
"17 | 9103491054191073/91092/91 111/91130/91 149/91 168/91187/91206)91225/91244| 2] 8 
18 | 91263/91282'91301191320191339|91358/91377|91396/91414/91433/91452/914711 3/11 
19 | 91490/91509/91528191547|91566/91585|91603/91622/91641/91660/91679|91698| 4] 15 


“20 (4.917 16/91735/91754/91773/91792)9181 1191829|91848/91867/91886/91904|91923] s 
21 91942|91961/91979)91998|92017|92035/92054/92073/92092/92110/92129/92148) 1| 4 
22 92166)92185|92203/92222/9224 1/9225 9)92278/92297 |923 15|92334/92352/52371| 2| 7 
23 92390/92408/92427/92445|92.164/92483/925 011925 19/92538/92556/92575|92593| 3°11 
24 92612/92630|92649/92667|92686|927 04|927 23/9274 1/927 60\9277 8/927 96/92815 ‘A ize Lo 
25 |4.92833]9285 119287 0/92888|92907 [9292592944 |92962|92980|92999/93017/93035| s 
26 93054|9307 2|93090|93 109/93 127/93 145|93 164]93 182/93200/93218/93237|93255| 1] 4 
27 93273/9329 1/933 10|93328/93346/93364|93382/93401/93419/93437 |93455/93473) 2] 7 
28 93492/935 10|93528/93546/935 64/935 82193 600/936 1 9)93637|93655|93673)93691L) 3/11 
29 937 09/937 27 |937 45|93763|93781|93809/93817 |93836/9385 4/9387 2|/93590/ 93908) 4] 15 
30 |4.93926|93944/93962/93980/93998/94016)9403 4/94052/91069/94088/94105/94123) s 
3L | 94141/94159/94177/91195/94213/9423 1 |94245/94267 |94284/94302/94320/94338) 1 | 4. 
2 


88694'887 1 4|88734/88754 


32 94356/94374|91392/944 10194427 |9 14 15|94463 194481 /91498) 945 16194534)9 1552 

33 94570)\91587 |94605/$4623 |9464 1/94658)/91676|94694/947 11|94729/947 47/94765| 3) 11 
34 91782|/94800/94818 5|94853/9487 1191888]94906/91924/ 9494 1/9 1959/94976) 4] 14 
35 |4.94994)95012/95 029195047 |95065|95082/95 100}95 117/95 135|95153|95170/95188 
36 95265 /95223/95 24 0/95258/9527 5/95 293/953 10|95328|/95345/95363 195380195398 

37 95415/95433/95450/95 468/95 485 955 02'95520/95537/95555|95572|95589/95607| 2 | 7 
38 95624|95642)9565 9) 9567 6)/95694)/957 11/957 28|95746|95763/95780/95793)95815| 3110 
39 95832)/95 850/95 8679: 95884) 95902 95919 95936|95953|95971/95988/96005|96022) 4] 14 
40 |4.96040/96057|96074|96091/96109 96126|96143|96160|96177|96195|96212|96229 s 
41 962 16|96263 |96250/96297 |963 15|96332/96349/96366 96383 
42 96.15 1|96469/96486|965 03}96520/96537 |9655 4/9657 1/96588/96605|96622/96639| 2) 7 
43 96656|96673|96690)|967 07/967 24| 967 41|96758/96775 |96792|96809|96826/96843| 3110 
dd 96860|96877 |9689.1|96910|96927 |96944/9696 1 [9697 8 96995197 612}97029)97016| 4/14 


45 |4.97062|97079|97096|97 113197 130/97 147|97 163197 180/97 197/97 2141/9723 1197247| s 
97449] 1 | 3 


s 


46 97 264/97 281 }97298/97315197331|97348|97365]97382 97398)97415|97432 

47 97465|97482/97 4991975 15|97532/97549|97565|97582/97599/97615|97632/97649! 2 

438 | 97 665|97 682/97 699]977 15 |97732|97 749|97765 197782 977 98)|97815 97832197848) 3110 
97865]9788 1 |97898|97914/97 93197 947 97 96.4197 98197997 |98014|98030)/98047| 4113 


“50 {4.98063)93080|98096]98113|98129|98145|98162|98178 OS244/ 5s 


50 |4.98U63)\93080/98096/98 1 13|98129/98145 |98 162|98178/98195/98211/98228 
dl 9826 1)98277 982931983 1 0/983 26|98343 |98359/98375|98392/98408]98425/98441| 1] 3 
52 98457|9847 4198490985 06/985 23 |98539|98555 |98572/98588/98604 |98620/98637| 2) 7 
53 98653|98669|98686|987 02/987 18/98734|9875 1 |987 67 [98783 /98799/98816/98532) 3] 10 
54 98848/98864|98280/98897 |98913|98929|98945 9896 1 9897798994 |9CO I 0) 55026 A U13_ 


55 |4.99042|99058|99074|99090/99107|99123|99139|99155|9917 199187 [99203 99219] ‘3 

56 99235/9925 1199267 |99284|993 00/993 1 6/99332/99348 |99364|99380|99395/99312) 1] 3 

57 99428 ssa) osn snr 6s 995 08/995 24|99540 9955699572 /99587|99603| 21 6 
9 


58 996 19)99635 |9965 1/99667|99683 99699} 997 15|997 31 |99747 |99763 |99778)99794| 3110 
59 998 10/99826/99842|9985 8/9987 3 |99889| 99905 |9992 1 |99937 |99953|99968/99984) 4113 


182 TABLE XXIX. 
To find the LATITUDE by DOUBLE ALTITUDES, and the ELAPSED TIME. 
Boe oe ee a ee: FRIIS ol Ran Aas ae, 
6 Hours. 
Os 5§ lus ; 158 | 208 | 258 | 30S | 355 | 408 | 458 | 508 | 555 |Pro. Pro. pts. 


5 .00000|00016]v0032 0004; |00063/00079 00095|001 10/00126 00142/00158'00173| s 
00189)00205/00221 00236!002: 52/002 268|00253]00299]003 15|00330|00346100362| 1 
00377 00393100409 00424/00 4140 00456)0047 1100487 [005 02/005 1s/00534/00549 2 | 6 
00565/00580 00596 00612 0U627|006 43/00658) 0067 4/00689'007 0.5|007 20/00736 
0075 1/00767/00782 00798 90813/00829 00844/00860/00875|0089 1, 00906/00922 


| 
“15 00937 00953}00968 0098.4]00999|01014/01030/01045|01061/01076/01091\01107 
01122/01138]01153 01168/01184/01199/01214/012301012 15|01260/01276|01291 
01306|01322101337 01352/01368/01353/01398/01413 01429 01444)01459/01474 
0119)|01505(01520 01536)/0155 1/01566/0155 01596 01612/01627 01642|01657 


01672/01688}01703 01715)05733/01748/01763)/01779 017914101809 01824/01839 


10 15.0185 4/01869]0 188 4/01900/01915/01930/01915/01960101975|01990102005|02020| s 
02035|02050}02065'02080/02095/021 10]02125|02140/02155/02170/02185|02200| 1| 3 
02215|02230102245 02260|02275 (02290/02305/02320 02335/02350/02365|02380| 2] 6 
02395|02410/02125/02440}02455/02469|02484|02499/025 1410252910254 1102559] 3| 9 
0257 1/02588|02603'026 1802633] 92645/02663]02677|02692|027 07|02722/02737| 4| 12 


5 .02751/02760]02781 (02796 02811 02825 02840/02855|/0257 0/02884|02899 02914| s 
02928/02913 02958/0297 3|02987 103002 03017/0303 1/03046|03061|03075/03090) 1| 3 
03105/03119]03 134/03 149/03 163|03178)03 193/03207 |03222/03237/0325 103266) 2| 6 


ae 


03280/03295/03310/03324/03339/03353/03368/03382/03397/034 1210342603441) 3 
03455/03470/03484 03499)03513 03528/03542/03557/03571/03586,03600/03615| 4112 


03802|03817|03831|03846/03860/03874/03889/03903/03918/03932/03916/03961| 1| 3 
03975|03989|01004|04018/04032/04047|04061/04075|04090/04104|04118/04132) 2| 6 
04147104161]01175|041190|04204/04218/04232/04247 /04261/04275|04289|01303| 3| 9 
04315)04332)043 16|/01360)04375 04389 04403 04417/04431/04445|01460|04474) 4 4112 


25 |5.04488/04502104516 0.4530|04545104559|04573|04587|04601 04615|04629/04643 
04657 |0467 2|/04686|047 00/047 14|047 28|04742/04756|04770/04784/04798|04812 1 3 
04826|04840/0485 4|04868|04882/04896/0491 0/0492 4/04938/04952/04966|04980) 2] 5 
04994|05008/05022/05036|05050)05064/05078/05092/05106/05120/05134'05148) 3] 8 
05 162|05175}05189|05203/05217/05 231105245 /05259|05273/05286|05300/05314) 4} 11 


5 .05328|/05342/05356|0537 0/05383/05397 |05411/05425/05439]05452/05466/05480) gs 
05494}05508/05521/05535/05549/05563/05577|05590/05604|05618)/05632/05645| 1| 3 
05659]05673|05686)05 700/057 14|05728)/057 41/05755/05769|05782/05796|05810) 2] 5 
05823)05837 0585 1105564/05878]05892)05905/05919/05933|05916/05960/05973) 3 
05987 |96001/06014|06028/06041|06055/06069/06082/06096|06109/06123/06136) 4 | 10 


“35. |15.06150!06163|06177|06191|06204|06218)0623 1|06245|06258|0627 206285106299] 5 

36 063 12|06326|06339|06353|06366|0637 9|/06393|06406/06420|06433/06447|06460) 1] 3 

37 06474/06487 |06500/065 14|06527 [065 41/06554/06567 |06581|06594/06608)06621) 2} 5 

38 06634|96648/0666 1/0667 4|06688|067 01/067 1 4/067 28/06741|06754/06768/06781) 3| 8 

39 06794)06805/0682 1/0683 1106848 |0686 1 0687 4/06887 |06901|06914/06927 |06941)} 4)10 

40 [5.0695 4|06967|06980|06994|07 007 |07 020'07033|07046|07 060/07 073/07 086|07099] s 
07112)07126/07139)07 15: > 3|07 19% \O7% 2 , 72 3 
07270)97284/07 297 |07310)07323 0749307506 07362/07375|07388\07401/07415| B| 5 


07428}07441|07454)07 467/07 480/07 493 |07506/07519/07532/07545|07558,07571) 3) 8 
07584|97597 |07610)97623|07 636/07 649 07 662/07 675/07688/07701/077 14|07727) 4/|10 


.07740107753,07766|07779]077 92107805 0781810783 1|07844 07857 |07869/07882) s 
07895|07 908/07 9211/0793 1107947 |07960|07973/07985|07998/0801 1|08024|08037| 1] 3 
08050|98063 |08075|08088/08101/08114,08127 |08140,08152/08165)08178\08191) 2} 5 
08204/05216/08229|08242/08255|08267 08280/08293/08306/08318/08331/08344| 3 
08357 |03369/08382)08395/08408/08420 08433 /08446/08458/0847 1/08184/08196) 4}10 


.08509}08522/08534|08547|08560/0857 208585 |085 98/086 10/08623|08636!08648) gs 
08661 (08673 |08686|08699/087 11/087 24|087 36/087 49/087 62/0877 4/08787/08799| 1! 2 
088 12|08824/08837|0885 0/08862/08875 |08887 |08900/08912/08925/08937 08950| 2] 5 
08962|08975|08987|09000/09012/09025 |09037 |09050|09062|0907 5|09087 |09100| 3) 7 
09112|09124/09137|09149/09162|09174 09187 |09199/0921 1|0922 1/09236|09249| 4|10 

. 092610927 3 (09286|09298/093 11/09323 0933509348 /09360/0937 2109385 |09397| s 
09 109|09422|0943 4/99 146|0945 9/0917 1 /09483| 09496 095038/09520|09533/09545| 1] 2 
09557 |09569]09582/09594|09606|09618) 0963 1 09643 |09655/09667|09680/09692| 2} 5 
097 04|997 16}097 29|09741|09753|09765 | '09777|09790 09802/09814/09526/09838) 3] 7 
0985 1|09863 0987 5|09887 |09899/099 11 ‘09924 099 36. 09918\09960|0997 2/09984) 4°10 


————S}.« 


mM 
Ey 
1 
2 
3 
-e 
“a: 
6 
7 
8 


9 
10 
11 
12 
13 
14 


“15 (5.12105}12116|12127|12139]12150/12161|12173|12184]12195]12206]12218]12229] s 
12319] 12330112341|12353]12364| 1]2 
12420|12431/12442]12453]12465]12476|12487]12498] 2] 4 


16 
17 
18 
19 


21 
22 
23 
24 


TABLE XXI¥X. 


RISING. 
7 Hours. 
0s 58 108 15s 208 | 258 305 


5.09996] L008] 1002 1]10033]10045|10057|10069]10081]10093]10100]10117 10129 
10141}10153]10166]10178]10190/10202)10214]10226}10235}10250)10262)10274 


10430)10441}10454]10465/10477|10489)10501} 10513] 10525] 10537'.0549}L0561 
10573]10585|10597] 10608] 10620) 10632) 10644] 10656]10665)10680)10691/10703 


5 .10715|10727|10739]10751|10763 10774{10786 10795} 10810|10822| 10833 10845 
10857 ,10869/10881]10893/10904/10916 

10998}1 1010) 11022/11033}11045|11057|1 1069) 11080] 1092) 1 L104) LTRS LE127 
11139}11150)11162)11174/11185)11197}11209)11220)11232) 11244) 11255] 11267 
tha leeied 11302)11314/11325/11337|11348} 11360) 11372/11383]11395) 11406 


TS | NS 5 —— = || ——— | | SY SO | | 


‘5.11418 


ay al 


183 
To find the LATITUDE by DGUBLE ALTITUD2S, and the ELAPSED TIME. 


35* | 40° | 45° | 508 ) 55% [Pro. pts ro. pts. 


1/2 
10286) 10298] 103 10}10322/10334) 10346) 10358)]10370]10382|10394)1040c}L0418! 2/5 
3|7 
419 


& 


2| 
3 
4 


11429] 11441]13453]11464/11476]11487]11499]11510/11522/11533]11545] s 
11557}11568)11580)11591}11603)11614)11626)11637}11619)11660/11672)11683) 1] 2 


10925] 10940]10951/10963/10975]10986) 4 2 


11695|11706) 117 17|11729)11740) 11752) 11763)11775] 11786) 11798/11809]11820) 2) 5 
11832/11843|11855/11866/11878)11889)11900/11912)11923/11934)11946)11957) 3) 7 
11969} 11980) 11991}12003)12014/12025}12037/12045]12059/12071)12082)12093! 4/9 


12240/12251|12263) 12274/12285!12296/12308 
12375}12386)12397}12409 


12509] 12520] 12532] 12543|12554|12565/12576|12587|12598|12610|12621]}12632] 3] 7 
4|9 
20 |5.12776|12787/12798| 12809] 12820|12831|12842|12853]12864|12875|12886| 12897 


12643] 1265 4|12665|12676]12687)12698| 12709) 12721)12732}12743)12754/12765 


12908) 12919] 12930! 12941]13952)12963]12974}12955]12996/13007/13018] 136029 
13040/1305 1/13062/13073/13084/13095|13 106)13117|13128)/13139)13149/13 160 
13171/13182| 13193} 13204/13215|13226)13237| 13245} 13258/13269]13280)13291 
13302/133 13/13323/13334/13345|13356|13367|13378)13358)13399|13410)13421 


ef TO SS Ef I 


25 |5.13432|13442|13453113464]13.475}13486|13496]13507 [135 18]13529]13539] 13550 


26 
27 
28 
29 


13561[13572)13582)13593/13604)13615|13625|13636]13647/13658]136658]13679 
13690/13700,13711/13722)13732|)13743]13754|13765|13775|13786]137 97 |13807 
13818}13828) 13839] 13850]13860)1387 1/138S82]13892]13903/13914/13924)13935 
13945] 13956/13967|13977|13988]13998114009] 14019]14030)14041]1405 1}14062 


— a fe | | | fF | | fF | — | | —_ 


30 
31 
32 
33 
34 
35 
36 
37 
38 
39 


5 1407 2/14083)14093)14104)14114)14125|14136)14146]14157/14167}14178/14155 


Se Se ee 


on mb 


Ss 


On — bo 


— 14199]14209)14220] 14230) 14241)1425 1] 14262) 14272|14282/114293]14303/ 14314) 142 


14324) 14335 |14345|14356 


14366) 14377 |14387|14397/14408)14418]14429) 14439) 2) 4 


14449] 14460/14470|14481)14491] 14501145 12/145 22)14533]14543]14553/14564] 316 
1457 41458 4|14595|14605)14615|14626|14636| 14646]14657|14667|14677|14688)} 4|8 


ee ee eee ee es “ ———_——— | 


5 . 14698] 147 08)147 19)14729)14739)14750)14760;14770|14780] 1479014801) 14811 


) 


14821/14832)14842) 14852) 14862/ 14872] 141883] 14893] 14903) 14913} 14924/14934) 1] 2 
14944) 14954) 14964) 14975 |14985) 14995] 15005] 15015] 15026) 15036]15046)15056) 2) 4 
15066}15076/15087/15097 115107) 15 117/15 127] 15137 |15147/15157|15 168, 15178) 3) 6 
15188/15198/15268)19218}15225]15238]/15248]15258]15269)]15279|15289)15299) 4/8 


“40 |5.15309|15319|15329|15339|15349| 15359 15369|15379]15389]15399|15409]15419] s 


41 15429] 15439)15449}]15459/15469] 15479) 15489115499]/15509)15519)15529)15539) 1|2 
42 15549} 15559) 15569/15579)15589) 15599] 15609}15619]15629]/15639)15649) 15659) 2 | 4 
43 15668) 15678)15638)15695}15705)15718)15728]}15738115748)15758|15767/15777| 3 E 
44 15787)15797|15807}15817 |15827|15837|15846]15856/15866]15876/15886]15896) 4/8 
45 |5.15905)15915/15925)15935|15944/1595 4/15964]15974/15984|15993/16003|16013] s 

46 16023) 16033) 16042) 16052)}16062)16072]1 6081/1609 1 L6LOL]/16L11}15120)16130| 1] 2 
AT 16140}16149)16159}16169/16179/16185)16198]16205]16217]16227 |16237|16246| 2/4 
48 16256] 16266) 16276}16285]16295/16304]163 14] 16324/16333)16343/16353/16362) 3 |6 
49 16372)16382|16391/16101/16410/16420]16430]16439|16449}16459 L6465|16478 415 


“60 |5.16487|16497|16506|16516 16526]/16535|16545]16554|16564]16573 15583|16592) s 


51 


16602|16612)16621}1663 1]16640/16650]16659| 16669] 1667 8]16688] 16697 
16716|16726)16735|167 45] 16754|16764|16773]16782|16792|L6801)16811 
1683')/15839|16849}16858)16867|16877|16886]16896|16905|16915| 16924! 


16707 
16820 


16933) 3 


; 


2 
A 
6 


__ 16943 16952 16961 16971. 16980 16990 16999 17008 17018 17027 17036| 17046 4 418 Bes 


1 
3} 17288) 17297)17306)17315 17325 17334|17343|17352}17362)17371/17380 3) 13 


2 


17389)17398 17408 UT417 17426/17435]17444)17454/17463|17472}17481}17490) 3/6 
ITS3G6 754517554 TSO3/L7S73IL7SS211 7591) 17600! 418 


? TABLE XXX. 
CORRECTION OF THE MOON’S APPARENT ALTITUDE. 


Horizontal Parallax. __[ Add for See. of Par. || 


54 1 55! | 56! | GO] GI’ | "21416718" 
Halim Gecth Vs Ci R YUL VON ae I st | PA) EE Te oe oe 
38 21139 21/40 20/41 

52/39 52]40 S21 52k 42 52113 514 51K45 51K6 51 ) 10 1102] 14] 
2140 2141 2142 243 2144 QS 2146 2147 20! 20 |20,22)24)26)28 
49]10 49]41 49]42 4843 48/44 4845 4846 48147 48] 30 20/52/34 /25/88 
1341 1342 14/43 144d 14S 146 17 148 14] 40 [olizlss lees 
3941 B9}42 3913 BI14 B95 3816 3847 38/18 el 50 [50)52)54)5 Ghsssl 


2142 243 244 W6 IH7 148 1149 JI Oo! of 2!-4) ge si 
24/42 24/13 23/44 2BH5 23l1G 23/17 23/48 23]49 22/110 O24 16 
4442 4443 44l44 44/15 43146 43117 43148 43119 431! 20 Lolgziedosios 

3H3 344 345 346 3H7 28 el4a 2150. oll 30 solg2/B4/z6l38 

2 21/43 21/44 21145 ZING 2147 21148 Qul49 Bold 40 40}42/44 146148 
2 39143 39/44 38145 38116 38147 35148 37149 37150 371150 5U15 2154/5058 
2 55/43 55144 54145 54/46 54147 54148 54149 53/50 53ll 0! of 2] 4l el 8 

10/44 10145 10/46 10147 9148 949 91560 9151 8! 10 /1O214/16I18 
23/44 23/45 24/46 24/47 24148 24/49 23150 23151 23) 20 l20}22/24 26/28 
37/44 38145 38/46 38147 38/48 37149 37150 37151 36! 30 30/32/34/36138) 
514451145 51146 51147 5148 509 50150 5001 49! 40 oldziudlaslis 

44 3145 3H6 3147 3/48 3169 3150 251 252 2150 bo 52/54 8 
44 15/45 TOG 1547 15/48 15/49 14/50 W4lsT 1452 13]) 0) 0 2| 4 all 
44 27/45 27116 26/47 26/48 26149 25/50 2 24) 10 Wrz 44 165] 
$4 38145 37146 37147 37/148 36149 38150 puis 35152 35 (20 20022) 4/26 
14 49145 47/46 47147 47/48 46149 46/50 4515 52 45) 30% sissy 
44 58145 57146 57/47 56H8 56149 55150 55151 5 
45 7146 6147 648 5/49 5150 ABI 
~ 0 145 16146 1547 1448 14/49 13/50 3 12) “0 “oat nl 6) 8 
45 24146 23147 22148 22149 21150 21161 21162 20153 a a 10 To LZ 4l1el18 
145 32146 31147 30/48 80149 29/50 29151 28/52 25153 27]! 20 20|22/24/ 26/28 
45 40146 38147 3848 37/149 37150 36151 36152 35/53 35!| 30 BUBB 18688 
45 47146 45147 45/45 44149 44150 43/51 43/52 42153 421,40 404214414648 
45 58|16 52447 52/48 51/49 51/50 50/51 49/52 49153 48) 50 [50)52154/56)58 
46 O66 597 5848 58149 57150 56151 56152 55198 55\| O| Of al dl 6 8! 
16 6147. 548 449 4150 3l5l 252 2153 71154 1) 10 flollair4lielis 
46 11/47 1148 10/49 9)50 9151 8/52 | 7154 61 20 |20\22/24|26l28 
46 17/47 16/48 16]49 15/50 1451 14/52 13/53 12)54 12) 30 [30)32)34/36.38 
16 23147 22148 21149 20150 20151 19152 18153 17/54 17]| 40 |4ol42l44laglas 
16 28147 27/48 26/49 25/50 25151 24152 23153 22154 22/150 150152154/5658 
46 83147 31148 31/49 30150 29151 29152 28153 27154 261 O| Ol 2| 4) él 8 
46 37]}47 36148 35/49 35150 34/51. 33/52 32/53 31154 31] 10 [10/12/14] 16)18 
46 41147 40118 40}19 39/50 38/51 37)52 36/53 36)54 35)/ 20 Po22/24/26)28 
46 45147 451/48 44119 43/50 42151 41/52 40/53 40/54 39]/ 30 [30)32/34)36)38 
46 49147 48148 47149 47/50 46151 45152 44153 43154 43/1] 40 139/41143145/47 
46 53/47 52148 5149 5050 50/51 49|52 48/53 47/54 46] 50 |49/51]53)55157 
a FOR sevice OF ALTITUDE. 
it. | Vi 2 | 3) 4! 6) 7/7) 8) Oy Alt. | V2") 3! Tv 
y | 3” 
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| g’ tat sii 19” 22" 25! 28" 6° er |" Vi) Pa gu ga 
18 ‘OY :94 27 10 
117 | 19 22 25 20 
16 18 21 23 30 
a) if y4 22 40 
18 21 50 
at ig tis a7 19" 70 
10 12 114 16 18 10 
10 11 113 15 20 
/ 9 11 113 (14 116 30 

(9 10 12 14.15 

10 AL 13 14_ 
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9 10 12.1: 
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b bo ko bo & 
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Hm OS G2 bo NO =| 
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3 
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] 
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or 
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Lk OR ok 8 ) Oe 
Or be ee 0 OS DO] DO 
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tre me 09 Oo! DO DO ee 
Sh OOO CONINKSK OOo 


wm Co Go Cs Co Oo 


3,1 57,2 0 


mM OWNN Gmc se 


TABLE XXX." 


_Auxirrary Arcs.—Add 60 degrees to the minutes and seconds taken from the Table. 


Horizontal Parallax. 


38} 1 41} 1 44 1 
43| 1 47} 1 50 1 


=) | 
12 10 
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aS 
Go Ge 
QM bo 


| 


wo OS 2! Ow 
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QO bt — 

SEDO S OU 
Oo 2 G2 O95 Go Go 
lo 
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we ee ie We OO CO 
oe 
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49} 1 521155) 1 


7 G5 
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— 


DNAS! hb 
We oe pe me me Oo! Os 8 OE OO OS Oe 


herpeetcned on] me om OO Oo ho 
BWNNW AO 
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Add for Sec. of Par-, 
Q” gi 4" 6” 8” 


~ 
= 


les to bo mes Sl to tO Bg me 


los to tom er cleo toro me 


On ek OF RG es II OS RD os el im G9" Ge by Sew 


40 
aa 


“010 


om 0) b= SC & OO OPO 


Add 


for Alt. 


of 


STAR. 


~ 
= 


at 
SeOnaue 
we DOO SS Ee 


€ 
Y 
~ 
hen 
—— 


4 41] 4 47/10, 1 

4 47| 4 53) 20; 2 

4 53] 4 59/130) 3 

4 58|5 5||40! 4 

451] 458) 5 4] 5 11,50) 5 
ADD FOR MINUTES OF ALTITUDE. 
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souenwe—loserenlomereclaeanweclaumremcs| 
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3 
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tN 
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< 
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ca a oe 
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ss 
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bo bo by bo £D bo] KO RD BO tO bY RO| BO RY bo ED KY 
! 
} 


v9 G9 o9 co co Go| G2 Ge Oe G2 Or Go| Co G8 OH O8 Oe 
2 Go| G9 G2 GO Co Co Oo 


en On Or or Or or GOT OT Or Ot ST OT ST Or ST St 


Me aR pp. Reig 
Be Ad. Bn he 

bo bO bO bY bO LO 

ge 02 C2 C2 C2 Go| G9 O9 G9 O9 O8 OS 
Oe ee aa 
Spee | 
Ce ee eel el ee 
Tl a ee i ee 
bo to bo bo BO be] tO BO LY BO LO KO 
to RO LY bY bY bo) LO LO LO BO BO KO 
G9 @9 49 co 69 co] 9 G9 e2 Oo 2 O9 
| 62 69:¢8'C0 
Se ade 
ES a es eee 
Seer es Oe cx] rien or en Gh trl ¢ 
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> App. 
Alt. 


Lb 


110 60 
10 
20 
30 


53" tba! vy 


‘ VA 


46 57/47 
47 O47 
3148 
6/48 
9/48 
12/48 


TABLE XXX. 


CORRECTION OF THE MOON’S APPARENT ALTITUDE. 


Horizontal Parallax. 


55” | 56! 


wie 


56/48 55/49 54150 53151 52152 51/53 5054 49/| 0, 0] 2 46 


58! 


/ " 


59 | 60’ | 61’ 
Pha aE ae WT ae 


Add for Sec. of Parell Add for 


rT 
Ua 


59/48 58/49 57/50 5651 55/52 54:53 5354 52/10 10/1214, 1818 


2/49 1/50 0/50 59/51 58/52 57/53 5654 55] 20 20/22 124 26)3 
1153 053 5954 58|| 30 29 
651 5)52 4153 3/54 255 11/40 39 
8/52 7/53 654 455 3)/50 49 


5|49 4150 3/51 
8/49 7/50 
11/49 1050 9/51 


|47 24 


14}48 
17/48 
19/48 
22 
2314 
47 25/45 
47 27|48 
47 29/48 
47 31/48 
47 32/48 
47 34/48 
47 35/48 
47 35/48 
47 86/45 
47 37}48 
47 38/48 
47 39/48 
47 40/48 


47 41/48 
47 41/48 
47 41/48 
47 41/48 
47 41/48 


0 147 ne 


47 4] 


0 /47 40/48 38/49 3615 


13/49 12/50 11/51 1 
16)49 15/50 14/51 
18/49 17/50 16/51 
20/49 19/50 18151 
22/49 21150 20/51 
24|49 23/50 22/51 


48 26/49 25/50 23)51 22 
27|49 26/50 25)51 
29|49 28/50 26[51 
30/49 29/50 27/51 
32/49 30/50 29151 
33/49 31/50 30/51 


2152 


1052 9 
12/52 
14/52 
16/52 
18|52 17 
20/52 19 
2 21 
22 
23 


9 
1} 
13 
15 


34/49 32150 31151 
35149 33/50 32/51 ¢ 


36/49 34/50 32/51 
36,49 35/50 33/51 
37|49 35)50 34/51 
38/49 36/50 34/51 


39/49 37 
39/49 37 
39:49 37 
39|49 37 
39/49 37 


39/49 37/50 35 
48 39/49 37/50 35151 33152 31 


03 29/54 27 


5 OE 
55 


53 8/54 7 
53 10/54 9 
53 12\54 11/55 
53 14/54 1355 
53 16|54 15/55 14 
53 18/554 1655 16 
53 19154 1855 17 
53 21/54 1955 18 
53 22/54 21/55 19 
53 23'54 2255 20 
53 24/54 23/55 21 
53 25/54 24/55 22 
53 26/54 25155 23 
53 27/54 25155 24 
53 28/54 2655 24 
153 28|54 26155 25 
53 29154 27/55 25, 
53 29)54 27|55 25 

55 26 


53 29/54 28/55 26 
53 30)54 28/55 26 
53 30/54 28/55 26 
93 30/54 28/55 26 
Wd 29154 27/55 25 
53 29154 27/55 25 
53 29)54 27/55 25 


6 
bs) 
10 
12 


47 4148 39/49 37/50 35/51 33/52 81:53 28/54 2655 24 


47 41 


47 30148 28 
47 30/48 
47 29\48 
47 29/48 
47 29/48 
47 28/48 
47 27 
47 25 
47 24 


48 
48 
48 
48 
47 23)48 
47 | 22/48 
|47 20,48 17 
47 20/48 
47 18/48 
47 16/48 
47 15/48 
47 14/48 


28/49 25/50 23/51 21 
27\49 25/50 22/51 
27\49 24/50 22/51 
26/49 23/50 21/51 
25/49 23/50 20/51 
24/49 22/50 19/51 


24/49 
23)/49 
22/49 
21/49 


21/50 18/51 
20/50 17/51 
19/50 16/51 
18/50 15/51 
20/49 17/50 14/51 
19/49 16/50 13/51 


1749 14150 12/55) 9 
16/49 13/50 10/51 
15|49. 12/50 9/51 
13/49 10)50 7/51 
12/49 9150 6/51 
11/49 7/50 4/51 | 


8 9/49 6 
8/49 
6|49 
4|49 


48 39/49 36/550 34/51 32/52 30 


52 18 
18 
If 
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15 
14 


eee eS eee ee ee ee 
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10 


3149 59150 56151 5252 4953 46 
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53 27/54 25/55 23 
53 27/54 24/55 22 


53 1654 14/55 11 
53 15/54 13/55 10 
93 15/54 12/55 9 
od 14 
93 13 
ood 12 
53 1115 
53 954 7/55 4 
53 854 5/55 3 
53 7/54 4/55 1 
53 6/54 3/55 0 
53 4/54 11/54 58 


52 653 3/54 0j54 57 
53 1/53 58/54 55 
53 0/53 57|54 54 
52 5853 55/54 52 
‘52 56/53 53/54 50 
52 55)53 51/54 48 


54 10/555 7 
54 54 999 6 6 


51 5652 53153 50/54 46 


02 51153 48|54 44 
54 42 


54 40 


54 11/55 8 


28 
31133 35137 
41143 45/47 
4951/53 55 57: 
2 4] 6) 8 
L214 16,18 

2/24 25127! 
31133 35/37 
41/43 45/47 
51/53:55/57 


0; 0 
10 i0 
20 20/2 
30 29 
40 39 
50 49 

0.0 
1010 
20) 20) 
30 29 
40 39 
50 49 


}2'14 1618, 
21:23 25)27| 
31133 35137 
4] 
5) set at vie 


2 4 


als 


30 29% 
40 39) 
50 !49, 
010 
10/10 
20 19.21 23 25 27 
a 29/31133'35/37 


D103. 
(24 


40 '39141143 45/46 
50 148150152 54156 


0; 0} al 4! 68 
10 |10,12)14 15]17 
20 19121|23 25|27 
30 29 31/33'35137 
40 |39 40/42 44/46 


50 |48. 5052, 54/56) 


0 xi) “Ol 4) 6 8 
10 1011 1315/17) 
20 {19,2123 25!27 
30 [29 31)33'35 37 
40 38/40 42.44 46 
50 48: yah 54 zh 


10 |10: 
2019, 


i337 
21/23 25|27 
30/32 34/36 
40/42 4446 
50152 53)55 

214, 6| 8 
9INIB 15/17 
20 |19.21|23 25|27 
80 [28 30/32 34/36, 
40 (38.40/42 44/46 


43 49|47), 


SaennuP d= oS ~ 


50 47,4951 53155 
0} 0! 2| 4! 6 8 
10] 919)13)15/17 
2011921 23.25/27 
30 (28 30152 34/36 


COna nk WNeose 


ES pete _ 


——a em CCSCOCCS NNN SKK SSCSt 


ecceccecooos: 


Horizontal Parallax. - |! Add for Sec. of Par | 

56’ 1 57’ | 5B’ | 59’ aa Pees 

TERE CIE Ol HN hom ELE win) ela lato 

4 38| 4 441 4 5114 57; 5 415 1015 171 of of of of 11! 

4 44| 4 501 457|5 3) 5 1015 16] 5 23 1] 1] 2} 2 

449| 4 55/5 2) 5 9] 5 16) 5 22) 5 29/20) 2) 21 al al 3 
45415 115 815 1515 22] 5 28] 5 35 3] 4] 4| 4 

of 5 7/5 1415 2015 27| 5 3415 41 4| 5] 5] 5 

5| 5 1215 191 5 26' 5 33] 5 40] 5 47 6| 6) 6] 6 

a 56 11 5 18} 5 25| 5 32/5 39| 5 46] 5 53 Ol Oo} oft 1 

5 2 16\ 5 24.5 31] 5 381 5 45| 5 52] 5 59 1] 1] 2} 2] 2 
5 7 291 5 29] 5 36, 5 4315 511 5 5816 5ll20| 2} al 3} 3 an 
5 12 27| 5 351 5 4215 4915 57/6 41611 4| 4] 4| 4{ 5ifor Ale.|] 
5 17 32| 5 401 5 47/5 5516 216 10'6 17 51 5] 5] 6 6) °F 
5 23 381 5 4615 5316 01 6 $l 6 tél 6 23 6| 6| 7] 7} zi] Sux: 
5 28] 5 3515 43! 5 51] 5 581 6 G6! 6 14l 6 22] 6 29 “O} OF a al oO“ II 
5 33'5 40. 5 48,5 5616 4] 6 12] 6 20] 6 28] 6 35 1] 2} 2] aj gi) 3 8h 
5 381 5 46] 5 54/6 2) 6 10] 6 to) 6 26] 6 34! 6 4) 3) 3] 3] 3] 4] 4 5 
5 43] 5 5115 59] 6 7| 6 15] 6 23! 6 31] 6 39] 6 47] 30| 4] 4] 5] 5] 5] 5 4 
5 4915 57| 6 5) 6 13] 6 21] 6 29] 6 37| 6 45| 6 53/40] 51 6 6 6] gill & 38 
5 5416 2| 6 10] 6 18] 6 27| 6 35| 6 43] 6 51] 6 59] 50 7 7| 7) 7 8| 2 2 
5 596 7| 6 15| 6 24| 6 32| 6 401 G 491 6 57/7 5 Olol od df] KG 
6 4| 6 12] 6 21] 6 30] 6 38] 6 46, 6 55| 7 31711 2| 21 21 3ilyp 9 
6 9| 6 18! 6 26 6 35| 6 43/6 5117 of 7 917 17 3| 3] 4! 4iloy 9 
6 151 6 231 6 321 6 411 6 49| 6 5717. 61 7:15] 7 23 4] 5] 5| 5ilsq 3 
6 20] 6 28] 6 37| 6 46| 6 55| 7. 3| 7 12] 7 201 7 29 6] 6] 6 749 3 
6 251 6 34) 6 43/6 5217 O17 817 17/7 26] 7 35 7| §| 81 8] 50. 4 
6 30| 6 39| 6 48} 6 57/7 6| 7 14| 7 231 7 32| 7 41 opi eo 4] 
6 351 6 441 6 5317 217 111 7 20) 7 291 7 38] 7 47 Qi) al al aiizo 5 
6 41] 6-50 6 5917 81 7 17|-7 26| 7 351 7 441 7 53 3|-3| 4] 4] diigo 5 
6 46] 6.55| 7. 41 7 131 7 22] 7 31|.7 411 7 50! 7 59 5] 5} 5) 6190 5 || 

65117 ol7 917 18| 7 28| 7 37/7 46175518 5 61 71 71 7 

65617 617 151 7 24| 7 33] 7 42175218 11811 8] 8] 8| 9 
7 17 «111 7 20| 7 29) 7 39] 7 48) 7 58] 8 7| 8 17 O| 1} 1| 1|| Add 
7 G7 1617 25| 7 35| 7 45| 7 541 8 4] 8 13] 8 23 2| 2} 3} 3ijfor Alt 
7111 7 211 7 31| 7 40) 7 50] 7 59] 8 9] 8 19] 8 29 3] 4| 4] 4/| of 
717| 7 27|7 361 7 46| 7 561 8 5| 8 15] 8 25] 8 35 5] 5] 6| 6 | STAR 
‘7 22| 7 32| 7 4117 51} 8 1) 8 11] 8 21} 8 30) 8 40 i 7) 7| 8)» “ 
7 97| 7 37| 7 4717 57| 8 7| 8 16| 8 26] 8 36] 8 461: s| 91 9} Ol 3 8 
ié 7 32| 7 42| 7 62/8 2| 8 12| 8 22| 8 32! 8 42| 8 52) o| Of Olid} ail 4 5 
7 37|7 47|7 5718 7| 8 18] 8 28] 8 38] 8 48| 8 58 2] 2] 2] al all. 5 4 
7 42) 7 5218 31 8 13] 8 23] 8 33] 8 431 8 5419 4 3| 4| 4| 4] 5] 6 3 
7 4717 581 8 & 8 Is] 8 29] 8 391 8 491 9 O19 10 5| 6| 6| 6| 7|| 7 2 
75218 318 13] 8 23] 8 341 8 451 8 551 9 5/9 15 7| 7| 8) s| 8i| 8 2 
7 57/8 818 19] 8 29] 8 40| 8 5U19 0] 9:11) 9 21 9] shojo] 9 1 
17 0|8 2} 8 13| 8 24| 8 34| 8 45] 8 56] 9 G| 9 17/9 27) OF Of Of | a] 1) 20 } 
8 8] 8 181 8 29] 8 40| 8 511 9 21 9 12] 9 23] 9 33} 2| 2! 3| 3| 3/29 9 
8 131 8 231 8 34] 8 45} 8 5619 7/1 9 17/1 9 281 9 39 4} 4| 4] 5] 5/380 0 
8 18 8 291 § 391 8 50! 9 1] 9 121 9 231 9 34] 9 45 5| 6| 6| 7| 7/49 9 
8 231 8 34] 8 451 8 5619 7| 9 18] 9 291 9 401 9 51 7\ 8} si s| gf 99 0 
8 281 § 391 8 501 9 1/1 9 12] 9 231 9 35| 9 461 9 57/5 9|_9/10]10|10) 9) , 
8 33} 8 44| 8 55| 9 6| 9 18] 9 29) 9 401 9 Sillo 2 0} 0} 1 4 2 g0 9 
8 381 8 4919 O| 9 11] 9 23] 9 35] 9 46] 9 57/10 8 2| 2] 31 3! 3ilo9 o 

8 431 8 5419 619 17| 9 291 9 4019 5110 20 14 4| 4] 5] 51 5 

8 4819 O19 111 9 22] 9 34| 9 46] 9 57/10 sl10 20 6| 6| 7] 717 

8 53/9 519 16] 9 271 9 391 9 5110 310 14:10 25 8| si si 9] 9 

8 58] 9 101 9 22] 9 33] 9 45; 9 57/10 si10 19/10 31 QTOLOLLTIT1 

9 3) 9 18| 9 27| 9 38] 9 5010 210 14/10 2c110 37 0) ol 1] a2 

9 $8] 9 20] 9 32] 9 44} 9 5610 8i10 20/10 31/10 43 2| 21 3 3i 4 

9 13} 9 25] 9 37! 9 49/10 1110 13/10 25110 37|10 4: 4| 4] 5] 5] 6 

9 18] 9 30) 9 42] 9 54/10 GI10 19110 31\10 43]10 55 6| 6| 7| 7] 8 

9 231 9 36] 9 48]10 0110 12]10 24]10 36)10 43}11 8} si 9] 9l10 

9 28) 9 41] 9 53/10 5/10 17|10 30/10 42)10 54)11 TOUT T | 


~ TABLE XXX.* 


Avuxiitary Arcs.—Add 60 degrees to the minutes and seconds taken from the Table. 
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of pata! s Alt. 


2 9a aera 29 
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188 TABLE XXX. 


CORRECTION OF THE MOON’S APPARENT Re 


») A 2, Re ~~ Horizontal Parallax. 
53! | 54’ | 55’ { 56" { 577) 58° 59 | 60 | GI 


7am i Sa WT TT PR (Pl al (at Metal I / 


we 


46 52/47 7 a7|48 
» 507 45/48 
47147 43/48 
45/47 41/48 
43147 88/48 
41/47 36)48 


55|49 52/50 48°51 


53/49 50/50 46/51. 


5149 48/50 44/51 
49149 46/50 42/51 
47/49 43150 40/51 
45}49 41/50 37/51 


43/49 39/50 35/51 
4149 37/50 33/51 
39}419 35150 30/51 
36/49 32/50 28/51 
34/49 30150 26/51 
32149 27/50 23/51 


45152 41/53 37/54 34 
42\52 39/53 35/54 31 
4052 36/53 33/54 29 
38/52 34/53 30/54 27 
86/52 32/53 28/54 24 
34/52 & 


ee eS | ee 


3152 
29/52 
26)52 
24/52 
21/52 
19/52 


——|—qxY] — _]——_ | ——————__] —————__ ] —__-__ 


CONS Stim Oo 


39/47 34/48 29/49 25/50 21/51 16/52 
36/47 31/48 27|49 22150 18/51 14/52 
33/47 29148 24/49 20/50 15/51 11]52 
3 81147 2648 22/149 17150 13/51 8/52 
3 29147 24/48 19149 15150 10/51 5/52 
26/47 21/48 17/49 121550 7/51 3j51 


Sa, SS eS ee ee ee eee eer ee ee ee 


3 23/47 19/48 14/49 9550 4/51 0151 55)52 50/153 45 
> 20147 16/448 11/49 6/50 2/50 57/51 52/52 47/53 42 
17/47 13/48 9/49 4/49 59/50 54/51 49/52 44/53 39 
15|47 11/48 6/49 1/49 56/50 51/51 46/52 41/53 36 
12/47 8/48 3/48 58/49 53/50 48/51 43/52 38/53 33 
10/47 5/48 0/48 55/49 50/50 45/51 40/52 34/53 29 


24 0/46 7/47 2/47 57/48 52/49 47/50 42/51 37/52 31/53 26 

10 |46 4/47 O47 54/48 49/49 44/50 38/51 33/52 28153 23 
1146 57/47 51/48 46/49 41/50 35/51 30/52 25/53 19 
58146 54/47 48/48 43/49 37/50 32/51 27/52 21/53 16 
55|46 51/47 45/48 40/49 34/50 29/51 23/52 18/53 12 
53/46 48/47 42/48 37/49 31/50 25/51 20/552 14/53 9 


50/46 45/47 39/48 33/49 28/50 22151 17/52 11/53 5 
47/46 42)47 36/48 30/49 24/50 19/51 13/52 7/53 2 
44/46 38/47 33/48 27/419 21150 15/51 10/52 4/52 58 
41}46 35/47 29/48 24/49 18/50 12/51 6/52 O52 54 
38/46 32)47 26/48 20/49 14/50 851 3/51 57/52 51 
35/46 29)47 23/48 17/49 11/50 5/50 59/51 53/52 47 


Se ee ee SS eee eee a) See eee eee eee eee eee 


26 0 45 32/46 26147 20/48 13/49 7/50 1150 55/51 49/52 43 
10 [45 29,46 22/47 16/48 10/49 4/49 58/50 52/51 45/52 39; 
20 }45 25/46 19/47 13/48 7/49 0/49 54/50 48/51 42/52 35 
30 |45 22)46 16/47 9/48 3/48 57/49 50/50 44/51 38/52 31 
40 |45 19/46 12/47 6/47 59/48 53/49 47/50 40/51 34/52 28 
50 45 eee 9/47 — 2147 56 56/48 8 49/49 43 bai sis BLS 30/52 24 


> 
~ 


— pee 


NIDMOSMDMOCOOOCS 


COnNAnrRQh=S ~ 


NNDWNBMOOCCSCS 


> 
- 


et et 


COnaunonwe OS ~ 
BNINOMOOMSSOS 


37|47 30|48 23/49 16/50 9|51 2/51 55]| . 
33\47 26/48 19/49 12/50 5/50 58/51 50 
29)|47 22/48 15/49 8150 0/50 5451 46 
25/47 18/48 11/49 4/49 56/50 49/51 42 
22/47 14/48 7/48 59/49 52/50 45/51 37|| 40 |35|37|39)40/42) 
18/47 10/48 3/48 55/49 48/50 40/51 33)) 50 |44/46/47 49151 


—-=_— | ———— | ———— | | | | | | | 


14/47 6/47 59/48 51/49 44/50 36/51 2 
10/47 2/47 55/48 47|49 89/50 32)51 


= 
~ 


— J 


CONDOR wd—S ~ 
ANNNDWDBDOOOCSO 


54|46 46/47 38/48 30/49 22)50 14]51 


TABLE XXX.* 189 


Auxitiary Arcs.—Add 60 degrees to the minutes and seconds taken from the Table. 
Add for Sec. of Pao 


pp. Horizontal Parallax. 

53" na) Dot OG) 57" |. 58 
ov WA & Sa 

9 33) 9 46) 9 58/10 10/10 22110 35)10 47/10 59|11 12 
9 38) 9 51)10 3/10 16/10 28/10 40)10 53/11 511 18 
9 43 4 56110 8/10 21/10 33/10 46/10 58/11 11]11 23 
9 48/10 1/10 14/10 2610 39/10 5IjIL 4)11 16)11 29) ¢ 
3 salt 6'10 19,10 31/10 44)10 57/11 10/11 22/11 35 
9 58}10 11)10 24)10 37/10 4911 2111 15/11 28/11 41 


{10° 3/10 1610 29/10 42/10 55/11 8/11 20/11 33/11 46 
10 8/10 21/10 34/10 47|11 O/11 13/11 26/11 39/11 52 
10 13/10 2610 39,10 52)11 5j11 19}/11 32/11 45/11 58 
10 18/10 31/10 45/10 58/11 L111 24/11 37/11 50/12 38 
10 23:10 36/10 50j)11 3ill 16/11 29/11 42)11 56/12 9 
10 28/10 41/10 55)11 8/11 21/11 35/11 48112 1/12 15 


10 33/10 46/11 O|11 13/1) 26/11 40/11 53/12 7/12 20 
10 38/10 51/1) 5/1] 3211 45)11 59/12 12/12 
10 43)10 5611 10/11 3 3711 5112 5112 18/12 
Vill 15itl 4211 56/12 1012 24/12 
11 A812 2/12 15/12 29/12 
HH 25)11 53/12 7/12 35/12 


58/12 12/12 2 4012 
3/12 18)12 46/13 
9112 23/12 12 5113 
14/12 28/12 43)12 57|13 
19/12 34/12 48/13 2/13 
12 10/12 24/12 39/12 53/13 8/13 22 
12 15/12 80/12 44)12 59/13 13)13 27 
12 20)12 35)12 49113 4/13 19/13 33), 
12 25)12 40/12 55/13 1013 24/13 39 
12 30/12 45113 0/13 15113 80/13 45 
AO |11 5132 G12 21/12 8612 5013 5/13 2013 35)13 50 
50 |11 56)12 11/12 2612 41/12 56/13 11/13 26/13 40)13 55 
25 O12 O12 15/12 3112 4613 113 1613 3113 46/14 1 
12 5/12 20/12 3612 51/13 613 21/13 3613 51ll4 7 
12 10/12 25/12 41)12 56/13 11/13 26/13 42/13 57|14 12 


59’ | 60 | 61! 


77 


ine fete 

No oO” =! bh CNS 
— 

Bm Oarwlwonant 


— 


Yon = 
—t et 


23 «(0 j11 
10/11 7/11 2/11 35/11 
20 |11 12/11 26/11 40:11 
830 {11 17/11 31/11 45/15 
40 |11 22/11 36/11 50 
50 |11 27/11 41/11 55) 
$4 Ol) 32/11 4612 0 
10/11 86/11 51/12 6 
20 |11 41/11 56/12 11) 
30/11 46/12 1/12 16 


32 
37 


12 


oe OO 
— 


——t et 


‘12 15)12 30 
12 20)12 35 
12 24/12 40 

12 2912 45 


12 4613 


12 5013 6/13 21 
13 11}13 27 


12 55 
13 0 013 16 


1}13 


16|13 35 


16113 32/13 
13 37|13 


13 42)13 


32 


4714 2/14 17 
5214 $|14 23 
5814 13}14 29 
3|14 


40 {10|11/1 
50 1311311 


4 SS 


oulawenanliewonenl|eoocaswlete 


13 47/14 3 
37/13 52\14 
42/13 58/14 
4714 314 
52/14 8/14 
57\14 13/14 


2/14 18)14 
7\14 23/14 
12)\14 29)14 
17|14 34/14 
22|14 39/14 
27\14 44115 


32\14 49/15 
37|14 54/15 
42114 59/15 
A715 = 4)15 
35/14 52115 915 


10} 3 4) fh 
201 5| 6 61 71 7 
30| 8! 8| 9] 9/10 
40 |11]11/12)12.13 
50 13/14/14 |15/15 


0} 0; 1/1) 2) 2) 
10} 3] 3) 4 


12 34/12 50 
12 39)12 551 
12 44|12 5913 15\13 
12 48|13 4/13 20/13 
12 53/13 913 25/13 


13 5)13 
3 1013 


21/13 
26/13 
31}i3 
36)13 
41j13 


46|14 
51\14 
56|14 
114 
6/14 
11/14 


16|14 
21\14 
26) 14 
31\14 


$)14 
13,14 
19/14 
24/14 
29/14 
35\|14 
40/14 
45/15 
5015 
5515 

115 


615 
1115 
16/15 
2115 
26|15 


13 2/13 19113 35|13 

13 7/13 23/13 4013 

13 12)13 2813 45114 

13 17|13 33/13 49)14 

50 |13 21/18 38813 54/14 
28 013 261138 42/13 59|14 


10 |13 30/13 47/14 4/14 
20 |13 ft 52\14 914 


AwWonee 


ScocoocoococoOorw KH NWNWHREME °F 


30 113 40/13 57/14 14/14 
40 |13 45|14 114 18/14 
50 |13 49\14 6/14 23/14 41/14 57/15 15/15 

29 O'13 54/14 11/14 28114 45)15 2115 20115 37/15 
10 13 59/14 1614 33/14 50)15  7|15 25115 4215 
20 14 3/14 20/14 38\14 55/15 12)15 30/15 47|16 4\16 
30 |14 8)14 25/14 42/15 O15 17/15 35/15 52/16 10/16 2 
40 |14 12)14 30/14 47/15 5/15 22115 40/15 57116 15/16 32 
50 |14 17\14 35|14 52:15 10|15 27/15 45116 _2i16 20/16 38 

nutes (1) 2’ 3’ 4/ B/ 6 77 8’ 9! 


Bad for Minutes f )~ 
of Moon’s Alt, (1) 2/2” 2 3// 3/1 4// a! BI 


91O}10)11 
40 |12/12/13/13/44 
5O WSILS|1 6/16/17 


190 TABLE XXX. 
CORRECTION OF THE MGON’S APPARENT ALTITUDE. 

' Horizontal Parallax. Add for See. of Par. 
54’ | 5a’ | 56’ | 57! ) 58’ | 59’ | 60 | 61’ 02/14" 618" 
Pe eel he ae REP OA A ne ee ee ee ee 
44 57145 49/46 41]47 33148 25149 171550 9/51 II O| Oj 2) 3 5) 7 
9}10)12 14)16 
17|19|21 22/24 


Add for 
Minutes 
of Alt. 


Alt. | 53° 


° U 4 a4 


30 0 (44 6 
10 |44. 2'44 53/45 45146 37147 29/48 21149 13/550 5/50 57] 10 
20 |43 5844 4545 41/46 33/17 25/48 16/49 8150 0/50 52) 20 
30 [43 54/44 4545 37/46 2947 20148 12/49 4/49 55/50 47) 30 26|28/29 31 33, 
40 143 50/44 41/45 33/46 24117 16)48 7/48 59/49 51/50 42) 40 34/36/38 40.41 
50 
0 
10 
20 


50 143 45/44 37|45 28146 2047 11}48 3/48 54/49 46/50 37]| 50 |43/45/47 4850 
31 0 [43 41/44 33/}45 24/46 15147 7/47 58/48 50/49 41/50 33 3) 
10 |43 37/44 28}45 20146 11/47 2147 54/48 45/49 36/50 28 9/10/12 14/15: 
20 [43 33/44 24/45 15/46 7146 58/47 49/48 40/49 32/50 23] 20 |17|19|20 22/24 
30 H3 29/44 20/45 11/46 2146 53/47 44/48 36/49 27/50 18] 30 26/27/29 31/32 
40 |43 25/44 15/45 6/45 58/46 49/47 40/48 31/49 22150 13] 40 34/36/38 39\4) 
50 [43 20\44 11/45 2/45 53/46 44]47 35/48 26/49 1750  8]| 50 /43/44|46 48)49 
0 
10 


82 0 |43 15/44 7/44 58/45 48/46 39/47 30.48 21/49 12:50 38 
10 |43 11/44 2/44 53/45 44/46 35/47 25/48 1649 7/49 58 8/10 
20 143 7'43 58/44 48/45 39/46 21/48 11/49 2/49 53) 20 |17)18/20 22/23, 
30 143 3/43 53/44 44/45 35/46 16/48 6/48 57\49 48] 30 25/27'28 3032 
40 |42 58/43 49/44 39/45 30/46 11/48 1/48 52\49 42)| 40 33)35)37 38/40. 
90 |42 54/43 44/44 35/45 25/46 647 56/48 47\49 37) 50 42/43/45 47/48. 


12 5043 40|44 30/45 20/46 147 51/48 42/49 32\| 0} 0} 2) 3) BI 7 
43 35/44 25/45 16/46 6|46 5647 46148 36.49 27/10] 811011213115 

43 30}44 21/45 11/46 1/46 51/47 41/48 31/49 21] 20 17)18/20 22 23) 
43 26/44 1645 6)45 4647 36/48 26.49 16] 30 25/27/28 3032) 
43 21/44 11/45 1/45 41/47 31/48 21/49 11]| 40 33.35/37 38.40 | 
5U |42 27/43 16/44 644 56/45 36.47 26/48 16:49 5|| 50 42.43/45 47,48 

84 0 [42 22/43 12]44 244 51/45 31/47 20\48 10:49 0! 0} 0) 2) 3) 5| 7; 
10 |42 17}43. 7/43 57/44 46/45 26.47 15/48 5148 54/10! 8.1011 13)15 

i] 20 [42 12/43 2/43 52/44 41/45 20.47 10/47 59/48 49] 20 16 18)20 21/23 
30 |42 8/42 57/43 47\44 36)45 47 5147 54/48 44] 30 |2426/28 2931 

10 |42 4/42 53/43 42\44 31/45 46 59/47 49/48 38] 40 33 34:36 37 39 

50 |41 59)42 48/43 37/44 26/45 546 54/47 43:48 32) 50 41/42/44 46 48 | 


35 0 [41 54/42 43/43 32/44 21/85 59/46 49/47 38.48 27) 0| 0 2 3 5 i 
| 10] 81011 13,14 
20 |16 18/19 21|23 
| 30 24 26)27 29,31. 
2 23/43 12/44 0/44 49/45 88.46 27/47 15/48 4/| 40 [32.34/3537/39 


12 13/15 


et 


OacnauA Ww nw—So ~ 


=> 
- 


AAAMINDDOOCO 


30 |41 40/42 28/43 17/44 6/44 55/45 4346 32\47 21/48 10, 


SCOoOnaunrkaeNw=—o ~ 


u 
50 |41 30:42 18/43 7/43 55/44 44/45 33:46 21147 10:47 58] 50 40 42/43/45)47, 
36 0 |: L 25/42 13/43 1/43 50/44 39)45 2746 16/47 4/47 53] O| 0} 2) 3) 5) 6 
10 4] 20)42 8/42 56/43 45/44 83145 22.46 10/46 58/47 47\| 10} 810)11)13)14 
{ 20 141 1542 3/42 51143 39/44 28/45 1646 4146 53/47 41)| 20/16,18/19/21/23 
80 [41 10/41 58/42 46/43 34/44 22/45 11145 59146 47 47 35) 80 |24:26/2729)31 
; 40 [41 4/41 52/42 41/43 29144 17/45 5/45 53/46 41/47 29) 40 82.34/35 37/39) 
' 50 |40 59/41 47/42 Ba4e 23/44 11/44 59:45 47/46 35/47 23) 50 |4042/43 45/47: 


= 
~ 


jot 


AAAInnueoeoeco 


37 (0 |40 54/41 42/42 30/43 18|44 6/44 5445 42/46 30/47 18] 0} 0} 2) 3) 5] 6 
| 10 |40 49/41. 37/42 25/43 12/44 0/44 48/45 36/46 24/47 12] 10] 8/10)11]13)14 
20 |40 44/41 32/42 19/43 7/43 55/44 42145 30/46 18/47 6] 20/1617/1921 22) 

30 [40 39/41 26/42 14/43 1143 49/44 37/45 24/46 12)47 0) 30 [24/25/27/29130 
43/44/46 


46 41]| 0 93) 8) BS en 
46 35/10] 8] 9l1dit2il4 
46 29|| 20 1617{19}2022 


COnanrwwioe OS ~ 


40 |40 33/4) 21/42 8/42 56/43 43/44 31/45 18/46 646 53] 40 [32 33/35)36/38 
' 50 |40 28/41 16/42 3/42 50/43 38/44 25:45 13/46 046 47|| 50/40/41 


38 © 140 23/41 10/41 58/42 4543 92/44 1945 7/45 54 
| 10 [40 17'41 5/41 52/42 39/43 26/44 14/45 1/45 48 
40 12/41 Old) 47/42 34/48 21/44 8/44 55/45 42 | 
40 740 54/41 41/42 28/43 15/44 2/44 49/45 36/46 23] 30 |23/25|27/28130 
40 240 49/41 35/42 2243 9143 5644 43/45 3046 17] 40 (3133 
41 30142 17143 3/43 50144 37145 24/46 10)| 50 [39/41 
41 24/42 11142 58143 44/44 3145 1746 
9 46140 32/41 19/42 5/42 5243 BBld4 25/45 1145 58 
39 46/46 27/41 13/41 59142 46/43 32/44 19/45 545 51) 
39 35/40 2141 7/41 54[42 40/43 26/44 12]44 5945 45) 30 [2325/26 
139 29/40 15/41 2/41 48/42 34/43 20/44 6/44 5345 39/| 40|31 32154 
| 39 24|40 10/40 56/41 42\42 28/43 14/44 O]44 4645 32' 50 [39/40/42 
/ fe 24/40 1040 ob/al 42a doidy 14ia4 Ul44 40.40 02, 00 BU4042) 


> 
= 


Bee 


Aoanys1onwmeso 


34/36)38 
42\44/45 

3] 5] 6 
9/11, 12/14 | 


17!19!20|22 


nN 


0} 0 2 
10] 8 


20 115 


28/29 
36\37 
43}45| 


Can oOo OObD—S ~ 


_- - 


i ee 


33 0 


34 9°16 
[ ; 


) App. 
Alt. 


1 aed oO 


14 26/14 44 


14 35/14 53 
14 40/14 58 
1444115 2 
14 4915 7 
14 53/15 11 
14 58/15 16 
15 2/15 21 
15 6/15 25, 
15 11/15 30 


15 16/15 35) 
10115 20/15 39 
20 15 25:15 44 
30 '15 29/15 48) 
40 15 34115 53 
50 115 8815 57 


53’ | 54! ' 55/ 
ipa! 
14 21,14 89\14 57/15 14115 32{15 50/16 716 
115 19115 37)15 
14 30:14 48/15 6/15 24/15 42/16 


TABLE XXX.* 


Horizontal Parallax. 


15 


57’ 1 58! 


15 11/15 29/15 47/16 
15 16/15 34/15 52/16 
15 20/15 39/15 57/16 
15 25/15 43)16 2)16 
15 30)15 48/16 7/16 


15 39 
15 44 
15 49 
15 53 
15 58)16 17 
16 2:16 21 
16 7,16 26 
1216 31 
16/16 36 


G27 


15 84/15 53/16 11]16 30/16 
15 58/16 16/16 
16 2/16 21/16 


16 26)16 


16 36/16 
16 40}/16 
16 
16 
16 


ao’ * | 


ee ee ee 


5 33/16 


61’ 


od 


od 


35)|16 
40)16 


17 
17 
17 
17 
17 
17 


54 
59/17 18) 
23 | 
28! 
333! 


38/16 
43/17 
48| 
53117 | 
58/17 16/17 351) 40 |12 
45|17 3)17 22117 40/| 50115 


16 12/16 31j16 49) 


17 


—T 
— 
~“\ 
ist) 
Ss 


8117 27117 45]) o| O 
13/17 32/17 51] 10] 3] 4) 4 


17 37/17 5 
17 42)18 
17 47/18 
17 52/18 


6 


Qo-_— 


1) 


15 4316 2, 
10 15 4816 7 
20 115 5216 11 
30 (15 56,16 15 
40.16 O16 20, 
59116 5:16 24 
916 29 
13.16 33! 
18,16 37| 
22)16 42) 
26,16 46! 
8116 51 


10 16 
20 16 
30 16 
40 16 
50 16 


> 21.16 40 
2616 45 
30.16 50 
3 85.16 54 
> 3916 59 
3 44.17 


16 
17 
17 
17 
17 
17 


38! 
43 
48 
53 
57! 

bi 


7 
\17 
28/17 
33/17 
38/17 
43\18 


17 57|18 
18 2/18 
18 718 
18 12)18 
18 17/18 
18 22/18 


2) 
26)! 
31 
36]! 
4] 


16 4817 
16 5317 
16 5717 
RP 2217 
17 617 
17 117 


17 
22 
26 
Jl 


35 0 16 35116 55.17 1517 36 


| 


36.0117, 1 


37 


| 


39 


~0 17 26117 


10 16 3917 
20 16 44.17 
30 16 48,17 
40 |16 52\17 


Hy 
8 


17 20,17 40 
17 2417 45 
17 2917 49 
17 33.17 54 


17:17 38.17 58\18 


| 


17 : 
7 ¢ 
117 
17 42! 
By 47,18 
17 5118 
17 56) 
18 O18 
18 518 
18 10:18 
18 1418 
19:18 


50 |16 57,17 


17 
17 
17 
17 
17 
17 


22 
1017 5 
20117 9 
30 (17 13) 
40 17 18 
50 117 22 


34 
39 
43 
47 
52 


10 17 31)37 
20 |17 35)17 
30 17 39)18 
40 17 4318 
50 |17 47|18 


17 51/18 13 
17 55|18 17 
18 O18 21 
18 4|18 26 
18 813 39 
18 12\18 34 
18 16:18 38 
18 20/18 43 
18 2418 47 
18 28)18 51 
18 S3|18 55 
18 37|18 59 


17 4218 3 


2617 4718 7/18 
30117 51)18 32/18 


17 55:18 16 
18 O18 21 
18 4/18 25 


18 918 30 
18 13/18 34 
17\18 39 
2218 43 
26\18 47 
30/18 52 


18 35 
18 3y| 
18 43) 
18 
18 
18 


19 


18 56 
ae | 
19 5 


52)19 14 


19 9 
19 138 
ie by 


~~ Add for Minutes f 17 2/ 3/ 4/ 5/ 6/ 


48/19 9/19 


5619 18/19 


18 24 


28 


18 
18 


18 37, 
18 42 
18 46 


18 51/19 
18 55/19 
19 O}19 
19 5)19 
19. 9119 
19 14|19 


19 


19 
19 
19 


18|19 
2219 
27 
3119 
36\19 


19 


18 1618 36] 


19 8 


40/20 2 
O19 22)19 44/20 7 
19 519 27)19 49/20 11/20 38/20 55/21 18 
19 31/19 54|20 16,20 38 
19 35|19 58|20 20,20 43 
19 40/20 2/20 25\20 47 
19 22\19 44/20 7/20 29 


A 
12 
17 
22 
27 
32 


47|18 
52118 
57|18 
2118 
718 
118 


2118 41! 
2618 46 
30/18 51 
35/18 55 
40,19 0 
4419 5 
49119 10 


18 58)19 19/19 40/20 


3 


19 33 
19 38 
19 42 
19 47 
19 52) 


12 
17 


39 
44 
53 
58 


| 


20 51 


19 57:20 18 


20 1/20 23 
20 6)20 27|20 49 
19 49120 10|20 32/20 54 
20 15/20 37/20 59 
20 20\20 42'21 
20 24/20 46/21 


20 29/20 51/21 138 


13 


18 32)18 51 


41/16 59] 30 91010) 
46|17 4} 40 [12 


— 
ned 
ried 


] 


aeole 


ee 
— 
© 
— it pot 
-|Seoue-lon 


20| 6! 7| 8 
30] 91011 


40 131314) 12 


50 |16)16:17 


16), O| O| 1] 1 2 


10] 3] 4] 5 
20} 6| 7) 8 
30 |10]10,11 
40 |13/14, 
50 (1617 


27118 46) O| O ll 1! 213 


10} 3} 4| 


18 
18 


87|18 57} 
4219 2) 
18 47/19 7 
18 52119 12), 


18 56/19 17 
19 119 22 
19 619 27 
19 11)19 32 
19 1619 37 
19 2119 41 


19 26/19 46 
19 80/19 51 


19 54|20 15 


19 59|20 20), 10| 4) 4} 5) 6 


20 4/20 25 
20 9/20 30 
20 13/20 35 

bo 4 


4 
8 


21 Oj21 22 
21 5/21 27 
21 9/21 32 
21 14)21 36 


20 44|| 0 


-20| 7] 7| 
30 )10)11 
40 )13/14! 
50 17117! 


0| 0} 1 
10] 3) 4 
20| 7| 7 
30 1011 
40 |14'14 
50 |17|18| 


15 
18 


0} O} 1] U2 


19 29/19 50/20 11)| 50 |18)18)19|20/20 


30 |11)11)12 


20| 7| 8 > 
40 \}4|15'16 


20| 7 
30 |11 
40 |15 
50 \19 


18' 9 
12\13 
16) 


7’ 8’ 9 


/ 


of Moon’s Alt. 07.44/44 ah gil 3” Fee rend ed 


rE 


19] | 
Avxitrary Arcs.—Add 60 degrees to the minutes and seconds taken from the Tab 
Add for Sec. of Par.) 


6) 


1 of 


° 


13 
16 


(1010) 
‘13|t4 


16.17 18 
19/20,21122 


| 
| 


a 
| 


Gt Or ibe Be GO CO bo £0 BO DO be HS OI OD 


Add 
for Alt. |] 


Soe eho SF 


_ 
a 


eccce 


i 
' 
a ee ee nent EEN 


41 0 


53’ | 54’ | 55/1 567 | 


‘ferme Le ad 


36/42 
30/42 
24|42 
18/42 
12/41 

6|41 


10 |39 12/39 
20 139 7/39 
30 (39 = 1/39 
49 |38 56/39 
50 (38 51/39 


“37! 


TABLE 
CORRECTION OF THE MOON’S APPARENT ALTITUDE. 

Horizontal Parallax. 
58’ | 59 


— | ———— — | | — |] | |} | | 


ms) 


58/42 43/43 
52|42 37/43 


XXX. 


| Add for See: of Par. 


wi) 


54/44 40/45 
48)}44 34/45 
41\44 27/45 
35/44 21/45 
29/44 14/45 
23/144 8/44 


| |] | |] | | | | 


0|41 
54/41 
48)41 
42/41 


0 [38 45/39 
10 |38 39/39 
20 |38 34\39 
30 |388 28/39 
40 (88 22/39 
50 |388 16/389 


46|42 31/43 
40)42 25/43 
33/42 18/43 
27/42 12/42 
21|42 6/42 
15/41 59/42 


16/44 1/44 
10/43 55)44 
3/43 48/44 
57|43 42)44 
50/43 35/44 
44|43 29/44 


— 


Add for 
ore 


| 
WONanewrneo ~ 
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28 
10 |27 40/28 
20 \27 41/28 
30 [27 43128 
40 |27 45128 


50 |27 47/28 


18 


28 23 
28 24 


10 |27 50 
20 |27 52 
30 |27 53 
A) |27 55 
50 |27 57 


10 |28 0/28 33 
20 |28 1/28 34 
3/28 36 
28 37 
28 39 

28 41 
28 42 
28 44 
28 45 
28 47 
28 48 


1028 43 
1228 45 
1428 46 
1628 48 


1928 52 
28 2128 54 


28 2628 59 
28 2829 | 
28 2929 2 
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TABLE XXX.* 


Horizontal Parallax. 


| 85’ | 56/ 


7 utr omy? 
29 15129 
29 17/29 
29 19/29 
29 21/29 
29 23/29 
29 24/29 


28 50 


28 55 
28 57 


29 28/30 
29 30/30 
29 32/30 
29 33/30 
29 35/30 
29 4 
29 6 
29 7 
29 9 
29 11 
29 12 
29 14 
29 15 
29 17 
29 19 
29 
29 


22 


28 50 
28 51 
28 53 
30 |: 28 54 
40 |28 22/28 55 
50 24/28 57 


75 © (28 25/28 58 


10 (28 26/29 0 
20 '28 28/29 1 
30 (28 29129 2 
40 \28 30/29 4 
50 (28 32/29 5 


76 0 (28 33/29 6 


10 |28 34/29 8 
20 |28 35|29 9 


30 |28 37|29 10:29 44 


40 \28 38/29 11 
50 |28 39\29 13 


10 [28 41/29 15 
20 |28 43/29 16 
30 |28 44/29 17 
40) |28 45\29 19 
50 |28 46/29 20 


78 0 \28 47/29 21 


| 


10 |28 48129 22 
20 (28 49/29 23 
30 |28 50/29 24 
40 |28 51/29 25 


50 [28 52/29 26 
79 0 (28 53|29 27/30 1 

29 28130 
29 29/30 


10 (28 54 
20 |28 55 
30 |28 56 
40 |28 57 
50 |28 58 


29 3 


30 
29 31/30 
29 32/30 


29 
29 
29 27:30 
29 29 
29 30 
29 32 
29 33 


29 40 
29 42 
29 45 


29 48/30 21 
29 49130 23 
29 50/30 24 
29 51130 25 
29 52/30 26 
29 54/30 27 
29 55/30 28 
29 56/30 30/31 
29 57/30 31/31 
29 5830 32/31 
29 5930 33/31 
30 0/30 34/31 


31 
31 


2 
3 
4 
5 
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Add for Minutes 


57 
48 
50 
52)30 24/30 57/31 
54 

55|30 28 
57/30 30 
29 26/29 5930 32 


29 37|30 10/30 42 
29 38)30 11130 44 
29 40/30 13/30 46): 
29 42/30 15/30 48 
29 44/30 17/30 49 
29 45/30 18/30 51 
29 47/30 20330 53 

29 48/30 21/30 54 
29 50/30 23/30 56 
29 52/30 25/30 58): 
2029 53/30 26/30 59 
29 55/30 28/31 
23:29 56/30 30131 
24/29 58/30 31/31 
29 26129 59/30 32 
1/30 34 
30 2/30 35/31 
30 4/30 37 
30 5/30 38 
30 6/30 40 
29 3430 8|30 42 
29 3630 9|30 43 
29 3730 11/30 44/31 18 
29 38/30 12/30 46/31 19 
30 13/30 47 
29 41/30°15/30 48 
30 16130 50 
30 17/30 51 
30 18/30 52 
29 46/30 20/30 53331 
30 55 
30 56 
30 57/31 31 
30 59 


31 2 
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31 081 
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6/30 39 
8/30 41 
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32 
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31 12 
3l 13 
31 15 
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3 
31 
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31 26! 
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32 
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O31 33/32 
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31 36/32 10 
3/31 37/32 11 
4131 38/32 12/32 
5/31 39/32 13/32 
7\31 40)82 14/32 
8|31 41/32 15)32 
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30 36/81 10\31 44/32 18/32 
30 87\31 11|81 45)32 19382 
30 38/31 12|81 46/32 20/32 
30 39/31 131381 47/82 21/32 
30 40|31 14|31 48|32 22/32 56/33 3801 50 28/29 
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2)\32 36 
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32 38/33 12 
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51/383 25 
53|33 26)| 20 {11 
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CORRECTION OF THE MOON’S APPARENT ALTITUDE. 
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TABLE XXX.* 201 


; Horizontal Parallax. 

53a’ 54’ | 55’ | 56’ | 57° | 58’ 
Theak he Wi 
80 0 28 59/29 33/30 7/30 41\31 
0\29 34)30 8/30 4231 
1129 35/80 9/30 43/31 
2|29 36/30 10/30 44/31 
2/29 37/30 11/80 45/31 
3|29 37/30 12/380 46/31 


ee eee ee 


81 0 |29 38/30 12/30 46/31 
29 5129 39130 13/30 47/31 
40/30 14/30 48/31 2: Bl1¢|| Add 


i Add for Sec. of Par. 


41/30 16/30 50/31 
50 |29 8/29 42/380 16/30 51/31 ¢ 28)5 39|| SUN. 
: Beatie 3 


82 0/29 9/29 43/30 17/380 51/31 
10 (29 10/29 44/30 18/380 52/31 
20 |29 10)29 44/30 19/30 53/31 
30 (29 11/29 45/30 19/80 54/31 
40 |29 12/29 46/80 20/380 54/31 37/383 11)83 45 
50 |29 12/29 47|/30 21130 55/31 38/33 12|)33 46 


—_ —_ | —— | <uqée | —“— | uc—\ccr pwc 


83 0 /29 13/29 47/30 21/380 56/31 38/33 12/33 47|/ 0 
10 |29 13/29 48/30 22/30 56/31 39/33 13/383 48 
20 129 14/29 48/30 23/30 57|31 40/33 14/383 48 
30 |29 15/29 49/30 23/30 58/31 40/33 15/33 49 
40 |29 15/29 5030 24/30 58/31 33 2 41183 15|383 49 
50 |29 16/29 50/380 24/30 59:31 é 2 42|33 16/33 50 


29 51/80 25/80 59/81 34| 42/33 16/33 51 
10 |29 17/29 51/80 26)31 0/31 34): 43/33 17/33 51 
20 |29 17/29 52/30 26/381 1/381 35/33 2 43/33 18)33 52 
30 |29 18/29 52/30 27/31 1/31 y 44/33 18/383 53 
40 |29 19/29 53/30 27/31 2/31 45)33 19/33 53 
29 54/30 28/381 2/31 2 45/33 19/33 54 


85 0 (29 20129 54/30 28/31 3/31 2 46/33 20133 54 ey) Add 
10 |29 20/29 54/30 28/31 3/31 
20 |29 20/29 55/30 29/31 4/31 
30 |29 21/29 55/30 29/31 4/31 
AO |29 21/29 56/30 30/31 4/31 
50 |29 22/29 56/30 31/31 5/31 8 


86 0 (29 22129 56/30 31/31 5/31 
29 22/29 57/30 31131 6/31 
29 23129 57/30 32/31 6/31 49133. 24/33 58|| 20 
29 23/29 58/30 32/31 6/31 2 50133 24133 58 : 

40 |29 23/29 58/30 32/31 7/31 16/32 50/33 24/33 35 40 |2: 


35/383 933 43 
35|33 9/33 44 
36|33 10)33 45)| « 


2 47/33 21/33 55|| 20 
47|33 22/33 56|| 30 STAR. 
47/33 22/33 56\| 40 |2¢ 
2 48/33 22/383 57)| 50 |2 


48/33 23|/383 57 
49/33 23/33 57 


29 58/30 32/81 7/31 16|32 50/33 25/33 59 


Se eS eee Oe eee 


87 0 |29 24/29 58/30 33/31 7/31 42/32 16/32 50/33 25/33 59 

29 59/30 33/31 8/31 42/32 1632 51/33 25/34 
20 |29 24/29 59/30 33/81 8/31 42/32 17/382 51/383 26/34 
30 |29 25/29 59/30 34/31 8/31 43/32 17/382 51/33 26/34 
40 |29 25/29 59/30 34/31 8/31 43/382 17|32 51/383 26/34 
50 |29 25/80 0/380 34/31 8/31 43/82 17/382 52/33 26/34 


5/80 0/30 34/31 9/31 43/32 18)32 52/33 26/34 
10 |29 26/30 0/30 34/31 9/31 43/32 18/32 52/33 27/34 
20 |29 26/30 0/30 35/31 9/31 44/32 18/382 52/33 27/34 
30 |29 26/380 0/80 35/31 9/381 44/82 18/32 53/383 27/34 
30 0/30 35/31 9/31 44/82 18/382 53/383 27/34 
50 |29 26/30 0/30 35/31 10)31 44/32 19/32 53/33 27\/34 


——. ——— | |] ——— | | | | | | | 


89 0 129 26:30 0/30 35/31 10/31 44/382 19/32 53/33 27/34 
' 10129 26/30 1/80 35/31 10)31 44/82 19/32 53/383 27\/34 
33 27/34 
33 27/34 


mOo°o So 
oo 
i) 


Ld 


| 
20 \29 26/30 1/80 35/31 10/31 44/32 19/32 53 
80 129 26:30 1130 35/31 10/31 44)382 19/382 538 


40 |29 26'30 1/30 35/31 10/31 44|82 19/32 53/383 27/34 
50 |29 26/30 1/30 35/31 10/31 44/82 19/32 53/33 27/34 
Aug tommimutes | 144 2"...35 46 62°.6% 7° 4G 

of Moon’s Alt. 10” 0’ 0% 0/7 0” 0” 9” 0% 1” 


~) bO bo bo dO bO bO 


Auxi.Lrary Arcs.—Add 60 degrees to the minutes and seconds taken from the Table. 


41|30 15/30 49/31 , : ! for Alt. 


46|33 20/33 55 ¢ for Alt. 


SSSE SSSR MR MNNWHADW 
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LoGARITHMS for finding the APPARENT TIME or HORARY ANGLE. 


=. 


OWNAN 


.67751/6547 169186 


20-17 .27986 


7.47302/47591 


“Gc ln onoanlORAS SS eee ee ee ee ee eee 


_ 36209)36537 


60179/60 128 6 


8. 00163}00320)/00476)00632|00788/00944/01099/01254/01409)01563/01717}01871) 1 


. O Hour. 
Cee 58 kOs | 158 |-208 | 255 458 | 50s | 558 |Pro. pts. 
Se 1924)12127]173.45172333/917 1510755112094 1325391427 7 015 1921160200 


.67757|74710/81147/87139 
. 27963)3 15 06/349 16 


.88168]/8995 S)91714}93434 


oo ) i. ee ee ee ee Eee eee ee ee eee 


-07550/08985] L0398)11787|13155| 14502] 15825) 17 134418421/19689:'2093 8/22 170 


—— 


TABLE XXXI: 


927 45/9801 1}02976/0767 2}12127|16365|20406|24 267 
38194/41352)44400/46345]5019315295 1/55623/58216/60734 
6318116556 1)/67877|70133/72332)/7 4477)7657 0/7861 4/8061 1|8256318 147 2/86340 
95121/96775}98399/99952]0 1557/03095104605|06090 


23385|24593|25765|2693 1/28081|/29217/30337131444132536/3361512468 1135734 
3677 41378021388 17/3982 1}/408 1 4|41795]42766143726]44675|45614146543|47462 
4837 2/4927 1/50162/5 104415191 6|52780153636]54484155323|56154|56977|57792 
58600/59401/60194/60980|6175 9/6253 1163296164 05 4|64806|6555216629 1167024 
69895|70598|71296]7 198817267 4]73355|7 403 1174702|75367! s 
7925617 9888]80515]81137|81756|82369|82979) 1! 
86548]57 129]87706]/8827 9188848]894 14/89976] 2 
93274|938 1 2|94346194877|95405|95930196451] 31358 
995 16|00017|00514/01009/01501101990/02476| 4] 476 
05339]05807|0627 3106736|07 195|07655|08116] s 
10796]11236}11673]12108/12541}12972]13401] 1] 84 
15930]16344|16756]17167/17575|17982)18387| 2]168 
2077 6}21168|21558]21947/22333|22719|23102| 3| 252 
23483/23863 2 12.41]24618|2 1993 2536625738) 26108|26477/26844|27210|27573| 4| 336 
25207/28656|2901 4|2937 1 297 26/3007 9|30431/30782131131131479131826} s 
3217 1/325 15/32857(/33198]33538|33876/34213|34549134884135217135549135879| 1] 65 
'36864|37 1891375 14/37837|38159/38480138800/391 18139435139752] 2] 130 
40693/41005]41315/41625| 11933]/42240)42516]42851143155]43458] 31195 
44361|446551 14957 |45254] 15549|45844|16138/46430] 16722]417013| 4] 260 
47879|418166} {8152/48737|19021149304|49586'49867150148/30427| s 
51260/51536/51811/52085|52358]5 
'§.4514154780|55045'55308155572/55834156096/56357/5 


119 
238 


76028/76683/7733417 7 979|7 8620 
83584/84185/54782/85374/85963 
9053519 1089/91641/92 189192733 
- 9697 970 97485 97997 98506 99013 


- 


15790} 19191/19590/19987!20383 


40067/40380 
43760 140611 


50706)90983' 
53980|54247 
57135|57393 : 


65964,66196 66429|66660|66891 67 12116735 116758.:|67809|68037/68264|68491| 1 
687 17|68942 69167/69392 69616|69839 70061|70283 70505 70726 

71385 7160417 

5448|75657 75865 76073 ruse 4| 175 


~|——_-- 


78929|79129/7 
81303/8 1498) 


83615/838048 
_ 85866 36050 86235/86419 86603|86786 86969]87 15218733 4|87516|87697 187878] 4| 154 


0/88.419/88599]88778188957|89135/8931 4/89491|59668/89846]90022| s 

9019819037 4/90550/90725|90900/91074|91248/9 1422/91 596/91L769/9L941)92114| 14 34 
92286/92 157 |92629|92800|9297 0/9314 1/933 11/93480/9365 0/938 19|93987 194156} 2) 68 
94324/94491/94659]9 1826/94992/95 159]95325195 49 1/95 656/9582 1195986/96150| 3 | 102 
96315}96478/96642/96805 |96968/97 131/97 293)97 455 |97617 |9777S)/97939|98100) 4 | 137 


Z .9826)|98421/985801987 40|98899/99058/992 1719937 5/9953 4/9969 | |99849}00006) s 

31 
02178/0233 1/0248 £|/02636)02789/02941/03092/03244/03395/03546/03697| 2| 62 
03997 |04147}04297 |041446|04595|04744|04892/05041105189/05336)05484) 3] 92 


4|122 


02025 
03847 
_ 0563 aE 05778}05 92510607 2/062 18/06364/065 10}06655|06800/06945 |07 090/97 235 


_—————_$ ff ——————— } - ——___—___ SPE arg PEA NY Roped FPO es (Rap Saal ear ees ee 


27 
55 
82 


4) 14567 14700/14832/14964/15096)15228/15359]15490) 4| 110 


17692 17820|17947 18074 /18202]18329/18455]18582| 1] 25 
19212)19338 1 9163]19588/197 13/19838)19963/20087| 2] 50 
0706}20830 20953)21076/21198/21321/21444/21566) 3] 75 
22175122296'22417 [22538 '22658|22779/22896/23019)| 4/100 


‘17179 17307 17436 17964 
18708}18835|18961|19087 
20211/20335)20459/20583 
21688}21810)/21932/22053 


TABLE XXX1. 


1 Hour. 
5s | 108 | 158 |. 208 | 25s 308 | 358 
8 .23 140]23259|2337 9|23.499|23615|23737 12385612397 5|24094 2421212433 1/24449 
24567124685/2.480212 1920|25037125 155/252721 253891255 051256221 25738125855 
2597 1|26087|26203/26318|26434|265 4 9] 26664/2677 9{26894|27 008] 27 123] 27 235 
27352|27466|27580127 694/27 807|27 9212803428 147}28260|28373|28486]/28599 
287 11|28823]28935129047|29159|2927 1/29383|294 94129605 |297 16]/29827|29938 
8 .30049|30159/3027 0|30380130490/30600/307 10130820/30929]3 1 039]3 1 148]31257 
3136613 1475|3158313 1692|3 1800/3 1909|32016'32 1 25132233|32340132.145]32556 
3266313277 013287 7132984|33091(/33 198|33304/334 10/335 171336231337 29|33835 
339403 101613415 1/34257/3 1362|34467|$457 2/3467 7 |347 8213488613499 1|35095 
35199|35303|35407 13551 11356 14|357 18135 821135925136028/36 13 113623.4/36337 
10 |8.36439]36542|36644/367 46|36849/3695 1/37 053/37 154]37 256)37358]37459)37560 
IL | 37662/37763|/37864|37964/38065|38166|38266|383 66138467 |385 67/38667 (38767 
12 | 38866/38966|39066|39165|39264|39364|39463139562|39660/3975013985 8139956 
13 | 40055|40153/4025 1140349] 10447'405 4540642] £0740]40837}40935]4 1032] 41129 
14 | 41226/41323141420/41517/41613]41710/41806141902111998]42094]42191]42286 
15 |8.42382/42477|42573|42668] 1276414285 9/42954] 130 19/43 144|43238]43333|43427 
16 | 43522/43616]43710]43804|13898|43992|44086|44180]44273144367|44460!44554 
17 | 44647|447 10] 14833144926145018]45 11 1145204145296] 415388]454811415573| 415665 
18 | 45757|415849]45940/46032146124146215]46306]/46398|46 189/465 8014667 11467 62 
19 | 46852|46943|47034147124)47215|47305|47395|47485|17575|17665|47755|47844 


| 20 |8.47934]1802 1/48113]48202/48292/4838 1] 1847 0/4855 9] 18647 | 48736/45825/45918 
21 49002|49090)49179}19267|49355'!49443) 1953 1|496 19] 19706/49794|49882) 45969 
22 §0056/50144/50231|50318)5 0405/5 0492|5057 9)5 0665/5 0752/5 0839/50925/5 1012 
23 51098]5 1184|51270]51356)5 1442)5 1528/5 1614|51699)51785]5 18715 1956/5204) 
1] 24 §2127|522 12/52297|52382)5 2467/5255 2/5 2636/5272 152805 )5 2890/5 2974/53059 
25 18.53143)53227|53311(53395|53479/53563/53616|53730/53814[53897 [53980/54064 
26 54147|5423 0/543 13/54396|5447 9/5 4562|54645/547 27 [5481 0|54892154975|55057 
27 55139/55221/55303|55385|55467'55549/5563 1/557 13|55794|55876)55957|56038 
28 56120|56201/56252 56363)/56444/56525 56606|5 6687 |5 67 67156848156928|5700¢ 
29 57089|57169)57249|57330|57410157490|57569|576491577 29)57809|57888)57 965 
30 18.58047/58126!58206]58285)/58364|584 13/585 22/5860 1]58680}58759/58837/55916 
31 §8994)59073|5915 115923 0|59308|59386)59464|5 9542/5 9620]5 9698 |59776)59853 
32 5993 1/60009|60086'60164/60241|603 18/603 95|60473/6055 0|/60627 |60704/60751 
33 60857 60934'61011|61087,61164!61240|61317/61393)61469)61545|61621|/61697 
34 61773 61849|61925 62001/62076|62152|62228|623 03/6237 9|62454/62529/62604 
35 |8.62679|/62755 
36 6357 6/6365 0/63724/637 95/6387 2|63946/64020)64094}64168/64242'643 15 
37 64163 |64536'64609|64683 | 64756/64529|64902/64975 
33 65340)654 1 2|65485|6555 8/6563 0165 703168775 |65847 |65920165992|66064/66136 
39 66208/66280/6635 2'66424|66.496/665 67 |6663 9/667 10/667 82/6685 3|66925|66996 


40s | 45s | 508 | 558 


‘ 


saroolmewne 4 


40 |8.67067|67139|67 209/67 28 1/6735 2|67423|67494/675 61167635 [6770616777 7|67847 
41 6791867 988/68059)/68 1 29/68 1991682691683 40/684 1 0|68480 1685 50168620)68690 
42 hE wae 68899'68909/69038169 1 08|69177'169247 |693 16]69385/69454169524 
43 6959 2'69662)/6973 1|69800|6986916993 7 !7 0006/7 0075|701 4417 0212)70281)7 0349 
44 70418|7 0486/7 055 417 0623/7 069117075917 0827 |7 0895 |76963)7 103 117 1099)7 1 167 
45 (8.71234/71302|7 1370/7 143717 1505|7 157 2/7 1640|7 1707\71774)7 1842/7 1909)71976 
46 72043/72110|72177|7 22 4417231 1|72378)72444/725 11)72578}7 2644/7 2711/72777 
47 72844 /72910|72977|73043|73109|73175|7324 1|73308|73374|73.139|73505|7357 | 
48 73637 |73703/73768173834/|73900)73965|7 403 1|74096|74162)7 1227 |74292|74357 
49 74423|74488174553/74618)7 46837 4748]74813|74877 |7 4942/75007|75072)75 136 


| | |_| 75587|75651|75715|75779|75843|75907 


50 |8.75201|75265/75330|75394|75458,75523 
51 7597 1\76035/76099)7 6 163/76227 |76290|76354|76418/76481]7 6545|76608|76672 
52 76735 |767 98)7 6862/7 6925|76988|7705 1/77 114|77177 |77240/77303/77366)7 7429 


54 78241)|78303/78365/78427|7 8489)7 855 11786 13|7 8675 |787 37 |787 99/7886 1|78922 


— | ~~~) _} —_ YJ LEE SSS | -] —_ ——_ 


55 |8.78984/79045/79107|79169|79230!7929 1|79353|79414|7 9475179537 |79598)79659 
56 797 20|79781|79842/79903|79964|80025|80085/80146/80207 |80268/30328]80389 
57 80449/805 10/8057 0/8063 1/8069 I |8075 1180812)8087 2/8093 2)380992/8 1052)31112 
81172/81232/81292/81352)81412/81472}81531|81591/51651)81710)81770|81829 
81889/8 1948/82005182067|821 261821 86182245|823 0418236318242218248 1182540 


a 


53 77492\77554/77617|77680|7 7742/7 7805|77867|77930)|77 992178054 78117178179) ¢ 


203 


LoGARITHMS for finding the APPARENT TIME or HORARY ANGLE. 


Pro. pts. 


ee ed ee ee ee ee eed ee ee es 


, 204 
LoGARITHMS for finding the APPARENT TIME or HORARY ANGLE. 


“10 |8.89379189433|89487 (895 41/89595|89649|897 03189757|89811189865/89918|89972! s 


TABLE XXXI. 


2 Hours. 
25s | 30: | 35% | 40s | 45s 


——— ee ee ee ee eee eee 


58 


887 26/887 80)88835188889/8894 4/88998/89053/89 1 07/89 162/89216)89270/89324| 4/44 


11 90026/90080)90133/90187 |9024 1/90294/90348)90401/90455/90508/90562/90615) 1! 11 
12 90668) 907 22)90775|90828/90881)90934/90988)91041/91094/91147/91200/91253; 2) 21 
13 91306/91358/91411]91464/91517/91570/91622)/91675}/91728/91780)/91833/91885| 3 | 32 
14 91938/91990}92043192695/921 47 /92200/9225 2/923 04) 92356/92405/92461/92513] 4) 42 
15 |8.92565|92617|92669|92721|92773|92825 |92877|92928| 92980 93032/93084 93135] s 

16 93187/93239/93290}93342/93393/93445/93496/935 48] 93599) 9365 1193702/93753) 1/10 
17 93804193856193907193958|94009 94060/941 1 11941621 94213|94264|94315/94366] 2} 20 
18 94417/91468/945 19]9457 0/94620|9467 1|94722|94772|94823|91874|91924,91975| 3/31 
19 95025|95075/95 126/95 176]95227 |95277/95327 |95378]954 28/9547 8}95528|95578 

20 |8.95628|95678/95728)/957 78}95828 95878/95928|95 97 8)96028)96078)/96128/96178) s 

21 96227|96277 |96326)963 76|96426 96475 |965 25 |96574|96624|96673/96723|96772| 1110 
22 968 2 1/9687 1|96920196969}97 015/97 068197 117/97 166 97215/97264 97313]97362} 2 | 20 
23 97411|97460/97509)97558/97 607 97 656/977 0419775 3/97 802\97 85 1/97899)97948| 3 

24 97996|98045|98094/981 12/98191)/98239/98288/98336/98384/98433/9848 1198529 

25 |8.98578 98626/98674 987229577 0/988 18|98866|989 1 4|98963|99011|99058/99106| s 

26 99154|/99202)|99250,99298]99346)99393|99.441/99489|99536|99584|99632/99679| 1|10 
27 |§.99727|99774|99822 99917|9996 1/00012|00059]00106/00154/90201)00248) 2) 19 
28 |9.00295)00342/00390/30437 100484 0053 1/00578/00625/0067 2/0071 9|90766/00813) 3 


35 |9.04162/04207 0425 2/04297 (0 13.41|0438610443 11044761045 20104565104610104654| s 


36 
37 
38 
39 


——_ | ————_— | u“e | —_—_  , ——— \— — 


40 |9.06810|06854|06897|06940|06984)07027|07 070107113]07 157 |07200|07243/07286| s 


41 
42 
43 
a is 


"46, 9 09370]09412109454]09496/09538|09580|09622|09663|09705|09747|09789|09830 s 


46 
AT 
48 
49 


50 |9.11 HS? 11887|11925]11965]12009]12050]12090]12130|12171]12211|12252]12292) s 


dl 
52 
53 


01976|92022/02068|02114/02161/02207 |02253|02299/02345|02391/02437 02483) 1| 9 
0252/0257 4|02620/02666|027 12/02757|02803/02849|02894/02940)02986/03031| 2| 18 
03077/03122/03168/02213/03259/03304/03350/03395|03440|03486}93531/03576) 3 | 28 
03621103667 |037 12/03757 |03802|03847 /93892/03937|(03982)04027}04072/04117| 4/37 


04699]04744/04788|/04833 04877 |04922|04966/05011/05055]05099/05144/05188)] 1] 9 
05232/05277 |05321/05365|05409/05453|05498/05542105586}05630)05674/05718] 2) 18 
05762}05806/0585 0105894 105938]/05982}0602 > |06069/06113/66157|06200106244| 3 | 27 
06288)06332/0637 5/064 19|06462/065 06/0655 0/065 9306637 |06680/067 24|06767| 4) 36 


SS ee eed 


07329)07372|07 415/07 458)07501)075 44107587 |07 630/07673/07716)07759|07802| 1; 9 
07845}07887 |07930/07973/08016/08058)08101/08144|08186/08229)0827 1108314) 2 | 17 
08357/08399/08442|08484/08526/08569|0861 1/0865 4|08696/08738|08781/08823) 3 26 
__ 98865 08907|08949]08992/09034|09076/091 18|09160/09202,09244|09286/09328 


EEE Se RE SE a 


ee ee ee 


09872]09914|09955 09997 |10039'10080]10122]10163]10205]10246}10288}10329| 1] 8 
1037 1)L0412/10453/10495|10536)10577|10619]10660/10701)10742)10784/10825) 2| 17 
10866}10907|}10948}10989) 1 1030/1107 1]11112)11153/11194)11235|11276)11317| 3 | 25 
11358{L1399|11440}11480]11521)11562)11603}11643)11684)11725|11765}11806| 4) 34 


—————}) —— | —_——_————. | -——_— | —_ J | ——_—_—] 


156 471)15686)15724)15763)15802) 15846 
16109(16147| 16186) 16224/16262|16301|16339|16377|16415|16453|16492/16530| 4 


30 


TABLE XXXT. 205 
LoGaRitTuMs for finding the APPARENT TIME or Horary ANGLE, 


—————$—$————— EN SS A — = ES REE OAS? SUSE = 


3 Hours. 
158 |. 208 | 258. | 30% | 35% | 40% | 458 | 50* | 558 |Pro. pts. 


———_ |§ ——— J—- | | —————— |__| | 


9.16568] 16606|16644| 16682| 1672016758] 16796|16834|16872|16910]16948|16986| s 
17024/17062/17100)17138 17175)1 7213) 17251|17289)17326)17364717402)17410) 1] 7 
17477|17515/17553)17590)17628,17665/17703/ 17740 17778)17815)17853)17890) 2] 15 
17928]17965|18003/18040}18077'18115}18152/18189}18227/18264/15301/18338) 3 | 22 


18376/18413) 1845 0) 18487}15524/18561/18598) 18636] 18673)187 10) 18747|18784{ 4) 30 


—— -| —_ —____ ——S. | ————————— | ———~—] ———__ J —___—__ — ee ee ee 


9. 18821]18858]18895]18932|18968]19005|19042'19079]19116]19153|19190/19226] s 
19263/29300)19337|19373)19410}19447/19483/19520})19557|19593)19630) 19666) 1| 7 
19703/19739}19776|19812}19849) 19885/19922)19958]19995/20031/20067 20104; 2 | 14 
20140)20176)20213/20249/20285/20321/20358/20394|20430|20466;20502|20538) 3 | 22 
2057 4/2061 1)20647!20683|207 19|20755|20791|20827|20863)20899/20935|20970) 4|29 


|] —_— | |]  _ | | | | | | | | —]} Eh 


9 .21006)21042/21078)21114/21150/21186]21221/21257|21293/21329|2136 1/21400] s 
2 1436/2147 1/21507/21543)21578/21614/21650/21685/21721|21756,21792!21827 
21863/21898}21 934/21 969]22004|22040/22075|22111/22146]22181/22216/22252] 2 | y 
22287 |22322/22358/22393)/22428/22463/22498/22533|22569/22604 2263912: 2674 
22709) 227 44/2277 9/228 14/228419/22884/229 19/2295 4|22989)| 230: 24/2 23059|23094 4 ie 28 


RPwrmo]S 


OOaNan 


14 

15 |9.23128)/23 163/23 198/23233/23268/23302/23337 |2337 2/23407|23441/23476/23511] s 

16 23545/23580/23615/23649)23684|237 18/23753/237 88/23822/23857 |23891/23926] 1| 7 
17 23960/23994|24029|24063/24098|24132|/24166/24201/24235 moped sobs os 24338] 2 | 14 
18 2437 2/24406|24441)24475|24509|24543/24577|21612|214646 24680) 24714|24748] 3) 20 


24782|2481 6/2485 0/24884)24915/241952)24986/25020|25054/25088 125122 25156] 4] 27 


20 19.25190/25224|25257|25291|25325|25359|25393|25 426|25460|25494/25527/25561| s 
25595|25629)25662!25 69625729] 257 63|25796/25830125864|25897 |25931/25964| 1] 7 
25998/2603 1|26065/26098|26132|26165|26198|/26232|/26265|26298 2633226365] 2] 13 
23 26395/26.132)26 165/26 198/265 32/26565|265 98/2663 1|26664/26697 |26731/26764| 3 | 20 
24 267 97|26830/26863/26896 26929!26962 26995 |27028/27061|27094)27127|27160) 4 | 26 


FS ee eS ee) ee ee eS See Sees Sea 


25 |9.27193|27226|27259|27292127325|27357|27390|27423|27 456|27489|27521|27554| s 

26 27587 |27620/27652/27685/277 18/2775 1/277 83/278 16/27848)]2788 | |27914/27916, 1] 6 
27 27979|28011/28044/28076/28 | 09)28141/28174/28206/28239/2827 1/28304|/28336| 2) 13 
28 28368)2840 1|28433/28465'28498 | 28530/28562128595|28627 25659128691 28724] 3|19 
29 28756|28788 28820/26352 28885|28917/28949/28981129013/29045/29077/29109) 4 | 26 
30 |9.29141/29173/29205|29237|29269/29301/29333/29365/29397 |29129/29461/29493) s 
31 },. 29524|29556/29588/29620/29652/29683|29715|29747/29779/29810/29842|29874| 1] 6 
32 29905 |29937 |29969/30000)30032/30064/30095|30127|30158/30190/30221/30253) 2)12 
33 30285|303 16/30347 |30379/30410)30442'30473|30505/30536|30567/30599/30630) 3 | 18 
34 30661 |30693/307 24/30755|30787!308 18/30849|30880|30912/30943/30974|31005 4) 250 


35 {9. 31036)31068/31099) 1130 31161 31192|31223 aiasai285 $1516 31847/31378| s- 


38 32149)/32180/322 10/3224 1/3227 2/3 2302/32333/32363/32394 33495, 324 55132 86 3/18 
39 3251682547 |32577/32608'32638/3 2668/3 2699327 29/3 2760/8327 90. 3282013285 Ajai 


40 |9.32881/32911/32942|32972/33002|33033/33063 (33093331 23/33154'33184 Sita s 

41 33244'33274/33304/33335/33365/33395 133425 33455 (33485 /33515/33545/33575) 1] 6 

42 33605 33635 |/33665/33695/337 25 |33755/33785 (33815133845 |33875|33905/33935| 2/12 

43 $3965 /33994/34024/34054/34084/34 1 14/34143/34173/34203/34233/34262/34292) 3/15 
3432234352/31381 34411 Beate 34470/34500/345 29/3455 9)/34589)34618/3 1618) 4124 


“45 [9.34677 3470734736 3.4795|34825|3485 4|34884/349 1313494343497 2|35002 
46 | 35031 35060'35090135119135148185173/35207(35236 


om 
to 


———-= ——. —— = 


50 |9.36427 36456 36455|36513|3654 2/3657 1136599|36628|36657 |36086|367 14/36743| s 
ol 36771 36800 3682936857 |36886/369 15 |36943/3697 2|37000/37029)37057/37086) 1| 6 
52 3711437143 3717 1/37200)/37 228/37 257 |37285|37 3 13|37342/37370/37399|37427) 2) 11 
53 37455 37484 /37512|/37540/37568/375 97 |37625|37653|37682|377 10/37738/37766) 3117 
54 37794 37523 /3785 113787 9/37 907137 935137963137 99 I /38020/38045)/35076)38104) 4 Al23 
55 (9.35132 38160/38185/382 1 6/3524413827 21383001383 28138350 38384/38412/38140| s 

56 38468 381963852 4/3855 1/38579138607138635|38663 [3869 1138715/38746/38774) 1} 6 
57 38802 3883038857 38885/35913/3389 10!38968/38996|39024 3905 13907959107) 2] 11 
58 39134 39162) 39189)3 392171392.45139272/39300|39327 |39355 39382/39410/39437| 3 | 17 
59 39465 39. 39492! 39520 39547 39575|39602(39630) 39630/39657 (39684/397 12/3 3968 4)397 12|39739/39767| 67| 4|22 


Ae A ES ORR TE IE SS 


| 206 


TABLE XXXI. 


LOGARITHMS for finding the APPARENT TIME or HORARY ANGLE. 


4 Hours. 
5s | 108 | 158 | 208 | 25° | 3 458 | 50° | 55° IPro. pta. 


9 2397941395211398 1913987 6|39903139931(39958]39985}4001 2] 10040] 10067|40094] s 


401211410149] 40176] 10203/14023 0140257 [410254/403 1 2/4033 9)/40366]10393/40120) 1] 5 
iad ped bed the MONE EAA tte pate ity Enh EES ott 2/11 
) 3116 

Ss 


2 rt] 2153} 2157] 21s rz] 22329] c228) 291] ile 
3 hs 


foe 


2 


48 173}48497}48521)485 45] 48568). 
8758|48782}48806 ; 


943/4897 1/18995|19019'490-12|49066]49089]19113|49137| 19160]1918 1|49207 


4925 4114927 8}49301'49325 [4934814937 2|49395| 19419] 19442] 19465 |49189 1 

49536] 19559|49583!49606|49629] 19653|49676|49699|19723|49746|19769] 9 

49516)4983914 19562|49886119909|19932| 499564997 9[50002|50025'50048 

50095}50118/50 141/50 164}50187|50211/50234[50257/90250/50303 |: ) 
5037 2/50395)504 1815044115 0465 |50488/50511)50534)50557|50580)5 


5090 1/5092 41509 16]50969/5 099215 1015]51038)5 1060/5 1083)5 L106/51129.51152) 2 
51174)51197|51220)512 43/5 1265/5 1288)513 1115133 115 135615 1379)5 140215 142 1 


51447|5 1470/5 1492/51515/51538)5 1560]5 1583/5 1605|5 1625]5 165 15167351696 


52791152813|52835152857/52879|52901 162923 /s2946152968162900153012153084 4/18 


.53056/53078153 100/53 122'53 144|53 166/53 18815321015 3232/53254153276153208) s 


533820/53342)5336.1|53385/53407|53 129|5345 1]53473153495 (53517 /53539/53560| L| 4 
§3582|5360 4/53626|53648]5367 0/5369 1 537 13|53735|53757|53778|53500\53822| 2) 9 
538 44/53865/53887 |[53909/5393 115395215397 4153996154017 |54039}54061/54082) 3/13 
54104|54126) 54147 |54169/54190)54212/54234)54255 (54277 |5 4298154320/54341) 4118 


‘60 9. 9.54363/5.4385|54.400|5.4425|5 444915447 154492545 14|5 4535|5 1556|54575154599 s 


§4621|54642}5 41664/51685|5 4707 |54728|5474915477 11547921548 13154835|51856! 1] 4 
§4878]/54899/54920/549 £1/54963)54984155005/55 02715 5048|55069155091155112| 2] 9 
55133/55 154/55175|55 197 |55218)55 23 9/55 260/55282)55303/55324|55345155366! 3113 
did cide as lead dk al Aad ehh aE pa ah ok SS59E NOOK! 4}17 


EgBUsISE01 als50a4lse0s|sb076 6a0NT S60 relegnselsoceISeue Mart mame 174° 
§6144/56 164)56185|56206)56227 [5624815 6269/5 6289]563 10/5633 1]56352}56372| 2| S 
56393(56414|56435|5 645 6/5647 6|56497/56518]56538]56559]56580|56001 156021) 3} 13 
56642|56663!5 66831567 041567 25/5 67451567 6615 678615680715 682815 6848156869! 4) 17 


TABLE XXXI1. 


eee 


207 


5 Hours. 
M oO | 5* | hoe | 15s [ 20° | 25° | Boe | 355 | 405 | 45% | 505 | 558 Pro. pts. 
0 |9.56889156910'5693 1156951 5697 2}56992 57013157033157 05415707 4/57095/57115] s 
1 | 57136)57156)57177157197|57218.57238|/57 259157 27 9157299|57320157340157361| 1| 4 
2| 57381157402|57422157442157463157483157503157524|57544157564157585|57605| 2 | 8 
3.1 57625157646/57 666/576861577 06157727 [57747 5776757787 |57808157828)57848| 3 | i2 
4.| 57868/57889|57909157929157949'57969157 990|58010/58030|58050j58070/58090| 4]16 
5 19.5811015813 115815115817 1)5819 1/5821 1/5823 1/5825 1/5827.1158291158311/58331! s 
6 | 58351158371/58391/58411]5843 1/5845 1158.47 1158491158511158531158551/58571| 1] 4 
7 | 58591/5861 115863 1}5865 1/5867 1158691587 11|58731/58750|58770158790|58810| 2] 8 
8 | 58830/58850/5857 0|58889]58909|58924|58949/58969)58958/59008/59028/59048) 3 | 12 
9 | 59068'59087|59107/59127|59147|/59166/59186|59206|59225|59245/59265|59285| 4] 16 
To 19.59304|59324159344159363/59393/59103'69422159442|59461(59481159501|59520| s 
11] | 59540/59559/5957 415 9599]5 9618/5 9638159657 (5967 7/5 96961597 16]59735159755| 1| 4 
12 | 59774)59794159813]59833)/5 9852/5 987 2159891/5991 1/59930!59950159969/59988] 2] 8 
13 | 69008/60027!60047|60066160085 60 105/60124/60 1 44|/60163/60182160202|60221] 3112 
14 | 60240/60260/60279|602981603 18,60337'60356|60375|60395|60414|60433/60452| 4| 16 
“15 |9.6047216049 11605 1 0]60529/60549 60568160587 |60606|60625|60645|60664/60683| s 
16 | 60702/60721|60740'607 60/6077 9|60798|60817|603536|60855|60874/60893'60912| 1] 4 | 
17 | 60931/60951/60970|60989|61008'61027|61046|61065|61084/61103161122\61141| 2] 8 
18 | 61160/61179|61198161217|61236/6 1255 161274,61293/61311|61330161349|61368] 3/11 
19 | 61387/61406161425/614414|61463/61482161500|61519/61538|61557|61576161595| 4] 15 
t] 20 19.61613/61632/6165 116167616 1689|61708161726|61745161764|61783/6 1801161820] s~ 
21 | 61839/61858/61576161895|61914161932'61951|61970|61988|62007|62026|62045| 1| 4 
22 | 62063!62082 62100|/62119/62138/62156|62175|621 94/62212/62231/62219|62268| 2| 7 
23 | 62287/62305/62324/62342162361 |62379'62398]62416/62435|62453/62472162490) 3111 
24 | 62509/62527/62546162564162583162601|62620|62638/62657 |62675|62693|62712| 4] 15 
25 |9.62730/62749/627 67|62785|62804/62822/6284 116285 9|62877 16289616291 4162932) s 
26 | 6295 1|62969/62987|63006/63024163042|6306 1/6307 9|63097 |63115|63134]63152| 1{ 4 
27 | 63170'63188/63207/63225|632 43/6326 1/6327 9|63298/633 1 6/63334163352|63370| 2| 7 
28 | 63389163407 |63425/63443/63461 163.47 91634971635 16163534/63552163570163588| 3| 11 
29 | 63606/63624|63642/63660|63678|63696/637 15|63733 o270 Pee 63805| 4/15 
30 (9.63523/6384 116385916387 7163895|63913/6393 1163949163 966/63985164002|54020) s 
31 | 64038/64056/64074164092164110/64128/64146/64164/64181/64199/64217]64235| 1] 4 
32 | 64253/64271/64289|/6 1307/64324/643.42164360|6437 51643956 1413/64431164449] 2 | 7 
33 | 64467161484164502'6 1520|64538164555164573161591164609'64626164644|64662| 3/11 
34 | 64679164697|647 1516173216475 0164768|6.4785|64803|64821164838/61856|64873| 4 | 14 
35 19.6189} |164909164926/6194416496216497 916.1997 165 014165 032165050165067|65085' s 
36 | 65102165120165 137165 155165 L72|65 190|65207 165225|65242165260165277 ped 1] 3 
37 | 65312165330/65347|65365|65382|65399|654 17/65 434|65452165469|65486165504| 2 | 7 
38 | 6552116553916555616557 31655 91 |65608|65625165643|65660/65677|65695165712| 3] 10 
39 | 65729165747/65764/6578 1|65799|65816|6583 416585 0/65868|65885|65902|65919| 4] 14 
“40 |9.65937|65954'6597 1/65 988|66006/66023|660 40166057 |66074|66092166109/66126| s 
41 | 66143|66160/66177|66194|6621 2|66229|66246/66263'66280|66297/66314166331| 1| 3 
42 | 66348/66366|66383/66400|66417|66434|6645 1|66468/66485 |66502/66519166536| 2| 7 
43 | 66553|66570/66587|66604|66621|66638|66655 16667 2\66689|667 06|66723166740| 3| 10 
44 | 66757|66774'66791166807|6682416684 1 16685 816687 5|66892|66909|66926166943| 4| 14 
“45 |9.66959'66976|66993|67 010/67 027|67 044/67 06016707767 094|67 111/67 128167144] s 
46 | 67161|67178|67195167212|67228|672 15167 262|67 279/67 295673 12/67 329167316) 1 | 3 
47 | 67362/67379|673961674 1 2167429167 446|67462167 47 9/67 496/675 12/67529167546| 2! 7 
48. 67562167579|67596/67 612 67629|67 646|67 66216767 9167695 |677 121677 29167745| 3|10 
49 | 67762|67778'67795|67811|67828|67844|67 861167878167 894/67911'67927167914| 4] 13 
50 |9.67960\67977 1679931680 10168026|65042'68009168075 |68092168105|68125|65141| s 
51 | 68158168174168190|68207 |68223|68240|/68256|6827 2|68289|68305|68322168338| 1] 3 
52 | 6835 1168371168387|68403/68420|68436/68.45 2168469168485 |68501168517168534| 2] 7 
53 | 68550168566168583/68599|68615|6863 1 |68648]68664 68680 |68696|687 13168729] 3} 10 
54 | 68745168761/68777/68794/68810/68826|688 4216885 8/6887 4/6889 1168907|68923] 4|13 
55 |9.6893916895 5/6897 1168987 169004169020 /69036|69052|69068/6908.4/691 00/69116] s 
56 | 69132/69148|69164|69181169197 1692 13|69229|692.45 6926 1 |69277|69293]69309| 1] 3 
57 | 69325|/69341169357169373169389|694 05/6942 1|69437 |69453|69469|69484]69500| 2] 6 
69516|69532/69548]695 641695 80/695 96/696 12|69628|696 14|69660|69675|69691| 3110 


69707 |697 23/697 39)697 55 6977 0|/69786/69802]69818\6953 4/6985 0|69866)6955 1] 4 | 13 


— | eee ee 


TABLE XXXTI 
LoGARITHMS for finding the APPARENT TIME or HORARY ANGLE. 


6 Hours. 


15* | 208 | 258 | 30° | 358_ 


oS 1 
a 


508 | 558 |Pro. pts, 


358 


— 
t : 


M 0s 5s 105 
| 0 |9. 69897 |69913|69929|6994 1}69960 6997 6|69992|7 0007}70023|7 0039]70055]70070 s 
1 70086|70102|70118|70133|7011970165|7018 70196170211170227170243/70259] 1] 3 
| 2 q 70353|7 0368|7038.4170399170415}70431/70446| 2} 6 
3 | 7046270477|70493}7 0509/7 0524'705.40]7 0555/7057 1|70586|7 0602170617 70633] 3| 9 
4 | 70648170664|70680]70695|7 07 101707 26|70741170757170772|70788|7 0803 '70819| 4] 12 
5 |9.70834|70850/7 086517 088 1|70896/7 091 1170927|7 09.4217 0958/70973170988,7 1004] s 
6 | 71019}71035|/71050]71065|71081)7 LO9G}71111]71127|71142|71157171173]71188 | 3 
7 | 71203171219|71234|7 1249]7 1265/71280]71295|7131017 1326|71341|71356'71371| 2| 6 
8 | 71387171402|71417|71433|71448'71463]7 1478]7 1493]7 150917 1524/7 1539171554 3 9 
9 | 71569]71585|71600|71615|71630|71645]71660171676|71691|7 1706}71721171736] 4} 12 
10 |9.71751|71766|7 1781]71797|7 1812/7 1827|7 1842|7 185717 1872|7 1887|7 1902171917] s 
11 | 71932|71947|7196217 1977/71992'7 2007 |72022172037|72052|72067|72082172097| 1] 3 
12 | 72112|72127|72142|72157|72172|72187/72202|72217|7 223217 2247|72262172277| 2] 6 
13 | 72292|72307|72322|72337/72352'72366\7 2381 |7 239617 2411/7 2426]72441172456] 3| 9 
Ld | _72471]72485]72500)72515|72530 725.45172560|7257 4|72589|72605|72619]7 26341 4/12 
15 |9.72648|7 2663!72678| 72693172708 727 2217 273717 2752] 7 27 67|72781|72796|72811| s 
16 | 72825172840172855|72870|7 2884/7 2899|72914|7 29281729 13|72958]72972172987| 1] 3 
17 | 73002173016|73031173046173060|73075|7 3090173 104|73119|73134|73148173163| 2] 6 
18 | 73177173192173207|73221 17323617 325 017326517327 917329 1|73309173323173338| 3| 9 
19. |» 73352|73367|73381|73396|7341 0\73.425|73439|7 345 4|7 3468/73 183|73497|73512| 4| 12 
20 |9.73526|73541/73555|73569|7 3584 73595|7361 3|/3627|73642|7 3656|7 367 1173685] s 
21 | 73699|73714|73728|73743|73757|7377 1|73786|7 3800]73815|73829|73843|73858| 1] 3 
22 | 73872|73886|73901|73915|73929)7394 417 395817397 2|73987|74001|74015174029| 2| 6 
23 | 74044|74058/74072|74087|74101,74115|74120|74144|74158|74172|74186|74200| 3| 9 
24 | 74215|74229|74243/74257|74272|7 4286|74300174314|74328|74342174357174371| 4112 
25 19.74385|74399|74413|74427|74442'7445617447 0|744$4174498/745 12|74526|74540)| s 
26 | 7455474569 74583|74597/74611|74625|74639174653|74667|74681|74695]74709| 1| 3 
27 | 74723|74737|74751174765|74779'747 93174807 |7.4821|74835'74849]7 4863|74877| 2] 5 
28 | 74891174905'74919|74933|7 4917|74961|74975|74989175003175017175031175045| 3! 8 
29 | 75059|75072 75086|75100/75114/75128]}75142|75156]75170|75183/75197/75211] 4/11 
30 19.75225|75239 75253|75267 |75 280175294 |75308|75322175336|75349175363175377| 8 
31 | 75391|75405,75418|75432|75446/75460|75474)75487|75501/75515}75528|75542| 1| 3 | 
32 | 75556175570,75583175597|7561 1|75625|75638|75652175666|7567 9175693175707] 2} 5 
33 | 75720175734'75748175761|75775175789|75802/75816}75830|75843175857|75870| 3| 8 
34 | 75884175898'75911175925|75938|75952|75966|7597 9175993|76006176020176033| 4110 


35 |9.76047|76060|76074}76088|76101/76115]76128|76142}7 6155/76169/76182/76196 
36 76209|76223|76236 
37 7637 1|76384/76397|76411|76424|76438]76451|76464]7 647 5/76491/76505 
38 76531|76545|76558]7657 1176585|765 98/7661 1 |76625|76635|7 665 1|76665|76678 
39 7669 1|76705 |767 18|76731|76745|76758/7677 176784) 7 6798/7681 1176824176538 


~~ 

ir) 

or 

are 
PO 
mw =F 
— 
cS Om & ee 


40 9.7686 1/7686.4|76877|7 6891/7 6904)7 6917 |7 6930/7 6943)7 6957 |7697 0/7 6983/76996) s 

41 77009|77023/77036!77 04917 7062/77075|77 089/77 102|77 115/77128)77141/77154) 1} 3 
42 77 167|77181|77194|77207 |77220/77 233/77 246177 259|7 727 217 728577 29877312 2| 5 
43 77325/77338/7735 1|7 7364177377 |[77390|77 403/774 16}7 7429/7 7412/77 455/77468) 3] 8 
44 7748 1|77494/77507|77520/77533/77546|77559|77572/77585}7 7598/7 7611177624 io 
45 |9.77637|77650\77663|77676|77689|77 702|77715|77725|77741|77754|77766|77779) s 

46 77792|77805|77818|77 83 117 7844/77 857|7787 0/7 7882|77895|77 908|77921177934| 1] 3 
AT 779.17 7796017797 2|77985 |77998)7 801 1/7802417 8037 |78049]7 8062|78075|78088) 2] 5 
48 78101|78113|78126]78139|78152)7 8164/7 8177 |78190|78203|78215|78228/78241| 3} 8 
49 78254 |7 8266/7827 9]7 8292178305 |7 8317/7833 0178343 /78355|7 8368/7838 1178393) 4110 
50 |9.78406/78419|7843 1]78444|78457|7 8469) 78482 /|78495|78507|78520|7 8533178545) s 

51 78558]7 8570|78583|7 85 96|78608]7 862 1|78633/78646|7 8659/7 867 1|78684178696| 1] 2 
52 78709787 21|78734178747 |78759)7 8772787 84/7 8797 |78809)7 8822/7 883417 8847 4 5 
53 78859|78872|78884]7 8897 |78909/7 8922 78934 |7 8947 |7895 917 897 2/7 8984178997 al 7 
54 79009|79021|790341|7 9046/7 9059/7 907 1/7908 4|79096|79108/79121/79133]79146) 4) 10 
35 9.79158|79170|79183179195|79208|79220|7 923217 92.45 |7 9257 |79269|79282}79294 8 

56 793061793 19|79331|79343179356|79368|79380]7 9393|79405179.117|79430|79442| 1] 2 
57 79154|79466|7 9479]79491|79803)7 9515 |7 9528/79540/79552|79564|79577/79589) 2) 5 
58 7960 1/79613 |79626!79638)7 965 0/7 9662/7 9674 |7 9687 |79699/797 11/797 23|79735| 3| 7 
59 79748179760 |79772|7978 4|7 9796|79808'7 982 117 9833 (7 98 15|79857 |7986979881) 4110 


TABLE XXXI. 209 
LoGARITHMs for finding the APPARENT TIME or HORARY ANGLE. 


ee NS Se = SS — 


7 Hours. 


“mM |] 0s | &* | Loe | 15s | 20° | 25° | 308 5° | 50° | 55% |Pro. pts 
0 19.79893179905|79918|7 993017 994217995 4|7 996617 997817 9990180002|80014|80026| 5 
1 | 80038180050180063180075|80087|80099]8011 1|80123/80135|80147180159/80171] 112 
2 | 80183180195|80207|8021 9/8023 1/80243|80255/80267|80279180291|80303/80315| 215 
3 | 80327/803381803501S0362|80374|80386/80398|8041 0/80422/80434/80446/80458] 3)7 
41 804701804821804911805 051805 17|805291805-4 1/80553}80565180577|80588|80600] 4] 9 
S 19.80612|80624|80636|80648|80660|8067 1|S0653180695}807 07|807 19180730|80742| 5 
6 | 8075 1180766|80778|80789|8080 1180813/80825|80836]/80848!80860|80872/80883| |] 2 
7 | 80895180907|80919|80930/80942|80954|80966/80977|80989|81001/81012181024] 215 
8 | §1036/81047/81059|81071/81082/81094|81106/81117181129/81141/81152181164] 317 
9 | 81176)51187|81199181211|81222/81 234,31 245181257 81280/81292/81303| 4|9 
10 19.81315/51320|81335181350|81361(81373|81354/51396|81407|81419/81430|81442] 5 
IL | 81454/81465'S14177/81488/81500/815 11/815 231815341815 46/81557|81569/81580] 1/2 
12 | 81592/81603/81614|81626|81637|81649|81660|81672/31683/51695|81706/81717| 2| 5 
13 | 81729181746181752/81763/81775|81786|81797|81809181820/81831/81843/818441 317 
14 | _81866|81877|81888|81900/81911'81922]81934|81945/81956)$1965}81979}81990| 4/9 _ 
“15 |9.82002|82013/82024|82036152047|82058/8207 0(82081/82092|52103/S2115/52126] 5 
16 | 82137/$2145/82160182171/521821$2 1931822051822 16|82227|82238|82250/82261| 1/2 
17 | 82272/82283182294/82306)82317|8232818233915235 018236213237 3/82354/82395| 214 
18 | 824061824171$242918214018245 1|82462/82473/82494/$2195|s2507|s25 18182525] 3/7 
19 | 82540182551/82562182573/825 841825 95|82606/82618182620/8264018265 1182662! 4] 9 
20 19.82673|52684182695|827 06/827 171827 28/527 39|327501827 6118277 2/82783/827941 5 
21 | 82805/52816'$282718283818284918286018287 1182882182893182904|82915/82920| 1] 2 
22 | 82937/82918182959|8297 0/82981/82992153003/830 14/83023183035183046/53057| 2| 4 
23 | 83068|83079/83090|83 101/83112/83123|83 134183 144|83155|83166/53177\83185| 317 
24 | §3199183210183220183231/83242/8325 3|832641183275183285183296183307/8331b| 4|9 


a | ee | fm | fs | ne ff ff 


25 19 .83329/83339|/83350/83361/8337 2/53383/83393 83 104183415]83426/83436/53447) 5 

26 83.458/53469/83 47 9/83490/83501/835 12/83522/83533|/83544183555|83565/53576] 112 
27 $3587 |83597|63608/83619)|83629/83640/8365 1/83662|83672|83683|83694|83704} 2) 4 
25 837 15|83725/83736|53747|83757|83768|8377 9/83789/83500/83811/83821/53832| 317 
29 $3$42/83853/838.4/83 87 4/83885 83895 /53906/83 916183927 |83938/83948/83959] 4] 9 


30 19.83969|83980|83990|54001/84011|84022|84033/84043|84054|84064/84075|84085] 5 

31 $4096)/8 1106 84117184 127|84138/84148)84159/84169/84179|84190/84200/54211| 112 
32 | 841221/84232|84242/84253/84263/8127 4/8. 1284/8429418 13051843 15|/84326/84336] 2] 4 
33 $4346:84357|84367|84378/84388/841398/84409/5 1419/5 41430)344 40/54 150/844161] 316 
3f 8447 1/8448 1/84492/84502/845 12/84523/54533/8 1543/8455 4 (8456 4184574|84585 ‘ls 


—_—— eS ee ee ee ee ee eee) ee oo ee pee 


35 |9.84595|84605|/84616|84626|8.1626/8.1646|8 165784667 [8467 7 8.4687 (84695184708 io 
36 $47 18'8 $729/84739|84749|8.4759)847 69/847 80/8 4790}84300/845 10/84821/8483 1] 1/2 


40 |9.85206|95216/85226|85 236185 246/85 25 6185266 85276|55286|85296|55300183316 ie 
41 85326/85336)|85 346185356185 366/853 76/85 3986/85 396/854 06/85 416/85426)85436|) 1/2 
42 85446|85456|85 1668547 6/85 186/85496/855 06/855 161855 26|85536185546185555| 2 4 
43 85565/85575/85585/855 95835605 185615185 625 185639185 645)85654/85664)85674| 3 | 6 
44 $5684|85694/857 04/857 141857 2418573385743 1557 53/857 63185773|85783185792) 4 


“45 19.85502/85812)85822)85 83218584 1/8585 1/8586 118557 1185881 |85890/85900185910 s 


46 85920|85930/85 939/85 949)85 959/85 969/85 97 8/85988)/85998/56005/86017 86027) 1/2 
47 86037 |860 16/8605 6|86066|8607 6/86085 |86095|86 105/86 114/86 1 24/86134186143} 2) 4 
48 86153/36163/8617 2/86182!86192/8620 1/8621 1/8622 1 /86230/86240/86250)86259) 3/6 


AY 8626/5627 9/86288|86298|86307 |863 17 |86327|86336/56346]86356/86365186375| 418 


| SO | | | | 


50 |9.56384|86394/86403/864 13/86423|/8643 218644219616 1 (8616118647 0|86480/86489) s 

al 86.199/86500/865 18}865 28/86537 |865 47 |86556/86566!13657 5186585 |86594/86604| 1|2 
52 866 13/86623/86632/86642/8665 1/8666 1/8667 0/8667 9|86689/86698/867 08/86717} 2|4 
53 867 27 (867 36/56746|867 55 867 64/867 7 4|867 83/867 93 |86802/868 12/86821/86830| 316 
o4 868 10/86849186858|86868!8687 7186887 86896 86905 |86915186924/86933/86943) 4°78 


5d |9 9.869: 22 952|8690218697 1186980 36980|86990 86999)8700 008|87018|87027|87036|87045/87055| s 
56 87064/57073)/87083/87 092/87 101187 111/87 126/87 129/87 138]87 148/87 157/87 166 
57 87 175/87 185)87 194!87 203/87212|87 222/87 23 1/87 240/87 249/87 259/87 268/87 277 
58 87286|37295|87305|87314 87323/87332/87341/87351/87360/87369|87378)/87387 
| 87396/87406 96|87 406/87 415 {151874 24/87433) 87442!8745 1187460 STATON 87479'87488'87497 


im ODO 
Om & be 


| 210 TABLE XXXII. | 
Locarirmms for finding the AprpaARENT Time, or Horary ANGLE. | 


8 Hours. 
108 | 158 |: 208 | 258 


M. o | 38 
0 (9.87506 87515) 


8752 24 ag 87543. 87952) 


30° | 358 | 408 
87: 561 87570 87a79 


458 50s 558 ta pts. 
87588 87597 87606 


1 87615 87024! 87633 87643 876: 5287661187670 87679 87 688 87697 87706 877 15} 1,3 
2 $7724:¢ 87733 87742 8775187760 87769 87778 87787, 8775 2/4 
3 878352 87341) 87850 $7859 87868, 87807 7 87886 87895 87904 87913. 87921 87 930) 315 
4 $7939,.87948'87957 87966 87975 87 O84. $7993 88002 8801 188020 88029 88038) ¢ es 


(8906189069 89073) 4 


5 19. 88046 35056 \98001 85073 88082 8809188100 88109 881 17 83126, 88135 88144) s 
6 | $8153) $8162 89170 88179 88138 8819788206 88215 88223 88232 88241 88250} 1 |2 
7 | 88259 85268)88276 88285 88294 88303 88311 88320. 088329 88338 88; 346 88355| 2) 4 
8 | 8846488373 '88381/88390-88399 88408 88416 88425 88434 88443 83451 88460) 3 | 5 
9 88469 8847 bse 186.88 fabs ech 88512: 88521 88530 88538. 88547 (885 56, $8565] 4] 7 

10 '9. 88573 S8582)8 8559088599 ¢ 838607, 88616. 88625 88634886. 42 88651 88659 88668! s 
11 | 88677 B8586/88604 $8703 88711 887 20 887 28 8873788745 88754 88763, 88772! 1 | 2 
12 88780 88784 '88797 88806 888 14/85823 88831 $8840 88848)88857/88865 $8874] 2 | 4 
13 | $8882'85891/88899/85908 88916 88925 88933 8894 2'88950. 88959 88967 88976| 3 | 5 
7 


}4 88054 $8993 /89001, 89010) S9UIS 890 27 89035 Abbas ant saint 2) 


15 |9. 89086 89095 /891 03891 12 891208912 29, 89137, 89145) 891 93 891628917 70) 89179) s 

16 891878! NYG) SIZ0E 89213/892 2189229, $9237 ‘89 246 89254)89 263/89: 271 8927 1|2 
17 8928789 296 8930489313. 5982189330 89338 89346 8935489: 3863/8937], 8: 1379) 2) 4 
18 89387 89396'89404'894 13 8942189429 $9437 59 146 89454/894 62/85 470. 89479) 315 


19 89187 59495 89508 89512 89520 89528) 89586 895: 89549 89593)89 89561 89 9569 39577 


“20 |9. 89586 '89594 (89602 8961118961 989627 89635 89643 8965 1/89660) 89668 89676 
21 | 89684/89693 89701/89709, 89717 89725 89733 8974 1/89749 89758 8976689774 1 | 2 
22 | 88782/89790/89798|89807|/89815 89823 89831 ‘89839189847 89855189863 89871! 213 
23 | 89879/89888/89896'89904 8991289920 39928, '89936'89944/89952/59960,89968] 3 | 5 
24 | 8997659984|8999 2/90000 90008 9001 6 90024. '90032/90040'90048'90056 90064] 4 6 
25 19, 90072,96080/90088)90096 90104) 90112,90120 90128/90136|90144 90152) 90160] s 
26 | 90168:90176,90184|9019 290200 90208 90216 90224/90232|90240 90248 90256] 1) 2 
27 | 90263)¢ 19027 1 190279) 40287190295 90303/903 1190319 90327|90335 90342.90350] 213 

5 
\6 


28 | 90358/90366'90374/90382/90390 90398/90405 5 90413 90421 90429) 90437 


90445] 3 
29 | 90452/90.460|90468)90476/90484 90492904 90539} 4 
30 |9. 90546|90554|90562|90570,90577 90585 90593 9060 1|90608|90616 90624 90632) s 


31 90639 90647 (90655 /9066¢ 90670, 90678) 90686. 
32 | 90732|90740190747|90755|90763.90771/90778, 90786 9079490802: 


90717|90725) 1 
90809 90817) 2 


2 

3 

33 | 90824/90832'90840/90848/90855 9086390870 90878 90885|90893/90901/40909] 3 | 5 
34 | 90916/90924/90931 EL ease le, 90962 9097090977 90985'90992\91000| 4 | 6 
35 |9. 91007 91015/91022/9 1030,91037 91045'91052,91060/91067|91075,91083)91091| s _ 
36 91098 91106/91113/91121)91128 91136 91143 9115 1/9115891166 91173 91181 1|2 
37 91188|91196 91203/91211/91218 91226 91233 91241/91248}91255 9126291270 2/3 
38 91277 91285 91292 91300 91307 91315 91322 91330/91337 91345 9135291360 315 
39 | 91367'91374|913881'913889913 B96 91404 91411, 91419'91426'91433 9144091448 416 
40 9, 91455 91163 91470 9147891485 9149291499 91507 91514 91522,9152991536 8 
41 | 91543/91551)91555!91566.91573 9158091587/91595 3191602. 91609.91616 91624 1|2 
42 | 91631/91638)91645/91653'91660 91667, 91674 91682/9168991696 91703 91711 2/3 
43 | 9171891725 91732\917 74091747 V1754 91761,91769'91776.91783,9179091798) 3/5 
44 eee 0S png $s OLA Les 55!91862'91869 9187691884 4/6 


45 |9. 91801 91898)91905! 
46 91976,91984)91991 
47 926) 9206992076) 
438 bins 1692153. 92160) 
49 223092237 92244 
“50. 9. 9, 92314 92321 92328 


91 at 2005 92012 92019 92026 92033)92040 92047 92054 
92083\92090 92097 92104 921 11/9 21 18, 92125 9 2132 92139 
92167|92174 92181 9218 
9225 1192258 92265 92272) 9 els 2286 92293 2298 92800 92307) 4 | 4/6 
9233592842 2 9234992355, 92362| 92369 92376 92383 marae id 
5] 92397'92404:92411 O24 16> 2425 92132 92438) 9244519: 2452 92459 92466,92473 a] 
52 | 92480 92487 92493/92500) 92507 92514 92521, 92528/92534 92541 92548 92555) 2 


Cwm a& 


53 | 9256292569 92575 |92582/92589 92596 92603 92610 92616 92623 9263092637) 3 
54 | 92613 92650 9265792664 92670 92677 92684'9269 192698 92705 92711 92718) 4 
55 9, 92725 92732 92738 92745 92751 92758 92765 9277292778 92785 92792 92799 s 
56 | 92805.92812,92819,92826\92832 92839 92845 92852/92859 92866 92872 92879, 1 | 1 
57 | 92885 9289292899 92906\929 12 92919-92925 92932'92939 929 169295292959 2 | 3 
58.| 92965 92972 92978 92985 92992 92999 93005 930 12 93018 93025 9303193038. 3 | 4 
93044 9305 193057 93064 9307 1 93078 93084 93091 93097 93104 9311093117! 4 | 6 


91912)9 1919 91927,91934 91941|91948,91955 91962919609) at 


TABLE XXXIII. 211 


Lac artruMs for finding the correction to reduce the Sun’s Declination, 
Right Ascension, ec. to any time under the Meridian of Greenwich. 


| Min. Hours, Decrees, on MINUTES. ee 
or ———————— OOF eS ee =O 
1l | Sec 


Sec.| 0 ae | 2 | 3 4 5 6 7 8 9 | 10 
1.3802/1.0792! 9031] 7781] 6812! 6021| 5351) 4771| 4260! 3502 


3388 
3382 

. 3/1 .3660)1.0720) 8953) 7745] 6784) 5997| 5330) 4753) 4244 ae ehays 
2.6812)1.3590)/1.0685| 8959) 7728! 6769) 5985) 5320] 4744) 4236) 3780] 3368 


1.3730)L.0756| 9007) 7763} 6798] 6009) 5341) 4762) 4252) 3795 


0 0 
1 1 
2 2 
2 3 
4 '2. 3)1.3522/1.0649) 8935) 7710| 6755) 5973) 5309) 4735) 4228] 3773| 3362) 4 
5 |2.4594)1 .3454/1.0614| 8912) 7692) 6741) 5961) 5300) 4726) 4220) 3766) 3355| 5 
6 |2.3502)1.3358/1.0580| 8888) 7674) 6726) 5949) 5289) 4717) 4212) 3759) 3349) 6 
7 213133|1.3823]1.0346| 8865 7657| 6712] 5937| 5279} 4708] 4204) 3752] 3342] 7 

8 8 

9 9 


! 
2.2553/1 .3259|1 .0512) 8842] 7639) 6698) 5925] 5269] 4699] 4196) 3745] 3336) 
2.2041/1.3195]1.0478| 8819] 7622] 6684] 5913! 5259! 4690] 4188! 3737]. 3329 
10 |2.1584/1.3133|1.0444|] 8796] 7604] 6670] 5902] 5249] 4682] 4180! 3730 3323) 10 
11 |2.1170/1.3071|1.0411| 8773! 7587| 6656! 5890| 5239] 4673] 4172] 3723 3316) 11 
12 |2.0792/1.3010|1.0378{ 8751] 7570| 6642] 5878] 5229] 4664] 4164] 3716] 3310! 12 
| 13 |2.0444|L.2950|1.0345| 8728] 7552] 6628] 5866! 5219] 4655] 4156] 3709] 3303 
| 14 |2.0122/1.2891\1.0313] 8706] 7535| 6614] 5855| 5209| 4646] 4148] 3702 
15 |1.9823!1.2833/1.0280| 8683] 7518] 6600] 5843/ 5199] 4638] 4141] 3695 
16 |1.9542|1.2775|1 .0248] 8661] 7501| 6587| 5832] 5189] 4629] 4133] 3688 
| 17 |1.9279|1.2719|1.0216| 8639] 7484| 6573] 5820] 5179] 4620] 4125! 3681 
18 |1.9031/1.2663/1.0185| 8617| 7467) 6559] 5809] 5169| 4611] 4117| 3674 
| 19 (1.87961. 2607/1.0153| 8595| 7451] 6546 5797| 6159| 4603] 4109] 3667 


8573| 7434! 6532) 5786} 5149) 4594] 4102) 3660 
8552) 7417) 6518! 5774) 5139) 4585] 4094) 3653 
8530) 7401) 6505) 5763) 5129) 4577] 4086) 3646 
8509] 7384) 6492) 5752) 5120) 4568) 4079) 3639) 32% 
1.7782|1 -2341|1.0000} 8487| 7368) 6478) 5740) 5110) 4559) 4071) 3632 
1.7604}1 .2289/0, 9970} 8466) 7351) 6465) 5729) 5100) 4551) 4063) 3625 
26 |1.7434)1.2239)0.9940; 8145) 7335) 6451) 5718) 5080) 4542) 4055) 3618) 3: 
27 |1.7270)1.2185/0.9910) 8424) 7318) 6438) 5706) 5081) 4534} 4048) 3611 
28 |L.7112)/1.2139)0.9881} 8403) 7302) 6425) 5695) 5071) 4525) 4040) 3604 
29 ‘1.6960)1 .2090)0.9852) 5382) 7286} 6412] 5684) 5061) 4516) 4032) 3597 


i | $f | fl | S| SS eT SS sf Sf | 


30 |L.6812)1.201110.9823| 8361) 7270) 6398) 5673) 5051] 4508) 4025) 3590) ¢ 


20 |1.8573)1.2553/1.0122 
21 |L.S361/L.2499)1.0091 
22 (1.8159)1 .2445)1 .0061 
1.7966/L.2393)1.0030 


32 |L.6532|1.1946/0 .9765| 8320) 7238] 6372) 5651) 5032) 4491) 4010, 3576 
33 |1.6398)1.1899/0.9737| 8300) 7222) 6359) 5640} 5023) 4482 
$4 |1.6269)1.1852/0.9708) 8279) 7206) 6346) 5629) 5013) 4474 
35 |1.6143)1.1806/0.9680] 8259) 7190] 6333) 5618) 5003] 4466 
: 36 |L.G021)1.1761/0 .9652) 8239| 7174] 6320) 5607) 4094! 4457 
/ 37 |1.5902|1.1716)/0.9625) 8219) 7159) 6307) 5596) 4984) 4449 

38 j1,5786)L.1671)0.9597| 8199} 7143) 6294) 5585) 4975) 4440 

39 !1.5673|1,.1627)0.9570| 8179] 7128) 6282) 5574] 4965| 4432 


jp - | ———- |] ——_ + | | | | 


| 31 {L.6670/1.1993\0.9794| 8341) 7254) 6385] 5662) 5042) 4499) 4017| 3583 


4002) 3570 
3994) 3563 
3987| 3556] ; 
3979) 3549 
3542 
3535 
3529 


| | 


3522 


1.5456|1.1540/0.9515| 8140| 7097| 6256] 5552| 4947 
42 |1.5351/1.1498|0.9488] 8120] 7081] 6243] 5541] 4937 
1.5249)1.1455|0.9462| 8101] 7066) 6231] 5531| 4928] 4399 
1.5149)1.1413/0.9435] 8081] 7050] 6218] 5520 
1.5051/1.1372/0.9108| 8062] 7035] 6205] 5509 

.4956]1.133110.9382] 8043) 7020] 6193) 5498! 
.4863]1.1290|0.9356 8023! 
.4771|1.1249|0.9330| 8004] 6990] 6168! 5477] 4881] 4357 
.4682|1.120910 .9305| 7985| 6975] 6155| 5466] 4872] 4349 


| | | | — | SS SE SS S| S| SS 


.4594/1.1170)/0.9279) 7966) 6960) 6143) 5456) 4863) 4341) 3875 
-4508)/1.1130/0.9254| 7947) 6945! 6131) 5445) 4853) 4333] 3868 
.4424/1.1091|0.9228] 7929] 6930! 6118] 5435] 4844) 4324] 3860 
-4341/1.1053/0.9203) 7910) 6915) 6106} 5424) 4835) 4316] 3853 
-4260/1.1015)0.9178] 7891} 6900) 6094; 5414] 4826) 4308] 3846 
.4180/1.0977|0.9153| 7873} 6885) 6081} 5403] 4817) 4300) 3838 
-4102/1.0910/0.9128) 7854] 6871] 6069) 5393) 4808) 4292] 3831 
. 4025/1 .0902/0.9104| 7836] 6856] 6057) 5382) 4798] 4284) 3824 
.3949]1 0865/0 .9079| 7818] 6841] 6045| 5372) 4789] 4276| 3817 
Sa 7800| 6827] 6033) 5361] 4780! 4268) 3509) 3395 


0 1 Pate reer tot Ott tot ee 


1,.5563/1.1584/0.9542) 8159) 7112) 6269) 5563 to47| 405 


aS 
J 
= 


or 
~ 
Leni eel aenlll ell aoe cent eel eel eel eee 


— 


212 


———— | | | — - —_____ 


3010) 2663) 2341 
3004) 2657) 2336 
2998] 2652! 2330 
2992) 2646} 2325 


; 2980} 2635] 2315 
2629) 2310 
2968] 2624) 2305 
2962} 2618] 2300 
2956) 2613) 2295 


te 
© 
~_ 
thes 


0 
1 
2 
3 
4 | 2986, 2640) 2320 
5 
6 
7 
8 
9 


ee | | |] | —————~—]|- qj] ue | um | —{~— qj ——— | —_-— 


10 | 2950] 2607] 2289 
11 | 2944] 2602] 2284 
12 | 2938] 2596] 2279 
13 | 2933] 2591] 2274 
14 | 2927] 2585] 2269 
15 | 2921| 2580] 2264 
2915} 2574| 2259 
2909] 2569] 2254 
2903} 2564] 2249 
2897} 2558] 2244! 


2891) 2553) 2239 
2885) 2547) 2234 
2880; 2542) 2229 
2874] 2536] 2223 
2868| 2531) 2218 
25 | 2862) 2526) 2213 
26 | 2856} 2520] 2208 
27 | 2850} 2515) 2203 
28 | 2845) 2510) 2198 
29 | 2839] 2504] 2193 
30 | 2833] 2499) 2188 
31 | 2527] 2493] 2183 
32 | 2821] 2488) 2178 
33 | 2816] 2453] 2173 
34 | 2810) 2477) 2168 
35 | 2504) 2472! 2163 
36 | 2798) 2467) 2159 
37 | 2793) 2461) 2154 
38 | 2787) 2456) 2149 
39 | 2781) 2451} 2144 


TABLE XXXIII. 


LOGARITHMS for finding the correction to reduce the Sun’s Declination, 
Right Ascension, &c. to any time under the Meridian of Greenwich. 


Hours, DEGREES, OR MINUTES. j Min.) 
OS eer nn Wa} OFr 
16 21 | 22 | 23 |Sec. 
1761 0580] 0378! 018s! O 
1756 0576] 0375] 0182) 1 
1752 0573} 0371) 0179) 2 
1747 0570) 0368] 0175| 3 
1743 0566) 0365) 0172} 4 
1738 0563} 0361] 0169} 5 
1734 0559] 0358; 0166) 6 
1729 0556] 0355] 0163} 7 
1725 0552) 0352/ 0160) 8 
1720 0549] 0348] 0157} 9 


1716 


1702 
1698 


1685 
1680 
1676 


Cr =e rr | | 
—_—_— | —__——__ | | ) ss —|——— 


}} 1671 


1658 
1654 
1649 
1645 
1640 
1636 


0546] 0345] 0153] 10 
0542| 0342] 0150' 11 
0539] 0339] 0147] 12 
0535| 0335] 0144] 13 
0532| 0332] 0141) 14 
0528] 0329] 0138] 15 
0525! 0326] 0135] 16 
0522] 0322] 0132] 17 | 
0518] 0319] 0128 18 
0515] 0316] 0125| 19 


0511} 0313) 0122) 20 
0508 


Ee ee ee ee ee sed ti, 


40 | 2775| 2445) 2139 
Al | 2770) 2440) 2134 
A2 | 2764) 2435) 2129 
43 | 2758] 2430) 2124 
44 | 2753] 2424) 2119 
45 | 2747) 2419) 2114 
46 | 2741) 2414) 2109 
47 | 2736) 24091 2104 
48 | 2730) 2403) 2099 
49 | 2724] 2398) 2095 
50 | 2719) 2393) 2090 
2713) 2388) 2085 
2707 2382) 2050 
2702) 2377) 2075 
2696) 2372) 2070 
2690) 2367| 2065 
2685] 2362) 2061 
2679) 2356) 2056 

) 2674) 2351) 2051 

59 | 2668) 2346) 2046 


1566 
1562 
1558 
1553 
1549 
1545 
1540 
1536 


1515 
1510 
1506 
1502 


—<— jie! eK_s\quw“€rt ime)! oe | ————_-] —— 


0381; 0188 


—_— —$___-| ——$—_— |, —__—— | ——_—_— “cr uc“_—| |! cj wu“€r—e__|ume_- |_|, — | 


12 13 14 


22 


0° 210° 3/ 
1.9542 | 1.7782 
1.9506 | 1.7757 
1.9471] 1.7734 
1.9435 ]1.7710 
1.9400] 1.7686 
1.9365 | 1.7663 
1.9331] 1.7639 
1.9296 | 1.7616 
1.9262 | 1.7593 
1.9228 |1.7570 
1.9195 | 1.7547 
2/1,.9162]1.7524 
1.9128]1.7501 
1.9096 | 1.7479 
1.9063 | 1.7456 
1.9031| 1.7434 
2.1526/1.8999| 1.7412 
2.1469 | 1.8967 | 1.7390 
2.1413 | 1.8935 | 1.7368 
2.1358} 1.8904| 1.7346 
2.1303 | 1.8873 | 1.7324] 1.6185 | 1.528 3345 
2.1249/1.8842|1.7302]1. .5269| 1.4525 | 1.3890] 1.3336 
2.1196| 1.8811] 1.7281} 1.6151] 1.5256] 1.4514 | 1.3880 | 1.3327 
2.1143 | 1.8781 | 1.7259] 1.6135 | 1.5242} 1.4502| 1.3870] 1.3319 
2.1091 | 1.8751] 1.7238]1. .5229]1.4491]1.3860]1.3310 
2.1040] 1.8721|1.7217|1.6 5s 4480} 1.3851|1.3301 
2.0989 | 1.8691 | 1.7196] 1.6085 | 1.5% 4168 | 1.3841] 1.3293 
1. 
1. 
1. 


CANA RWNHwWeKO 
e 


2.0939 | 1.8661] 1.7175 | 1.606 wn -4457 | 1.3831 ]1.3284 
2.0889 | 1.8632 | 1.7154] 1.60: vi -4446| 1.3821) 1.5276 
2.0840 
2.0792 
2.0744 
2.0696 
2.0649 
2.0603 


8602 |1.7133 1.6 .! -4435 | 1.3812] 1.3267 


1.8573/1.7112/1.6 1.5149] 1.4424) 1.3802] 1.3259 
1.8544}1.7091) 1. 5] 1.5136] 1.4412 | 1.3792] 1.3250 
1.8516/1.7071 | 1. 1.5123 | 1.4401 | 1.3783 | 1.3242 
1.81487)1.7050/1. 1.5110] 1.4390 | 1.3773 | 1.3233 
1,.8459/|1.7030)1. ; -4379 11.3764] 1.3225 
1.8431 | 1.7010 
1.8403 | 1.6990 

1.8375 | 1.6970 

1.8348 | 1.6950 

1.8320 | 1.6930 

1.8293 | 1.6910 

1.8266 | 1.6890 

1.8239|1.6871 

1.8212|1.6851 

1.8186} 1.6832 

1.8159 | 1.6812 

1.8133 | 1.6793 

1.8107 | 1.6774 

1.8081 | 1.6755 

1.8055 | 1.6736 

1.8030 | 1.6717 

1.8004 | 1.6698 

1.7979 | 1.6679 

1.7954 | 1.6661 

1.7929 | 1.6642 

1.7904 | 1.6624 

1.7879 | 1.6605 

1.7855 | 1.6587 

1.7830 | 1.6568 

1.75806 | 1.6550 


2.2553 | 1.9542 -4102|1.3522 


|} 214 TABLE XXXIV. 
PROPORTIONAL LOGARITHMS. 


a FT 


1.1143} 1.0840 | 1.0557} 1.0291 


50 | 1.2626) 1.2205 |1.1822 
51 1.2618] 1.2198] 1.1816 
52 |1.261]) 1.2192 
53 | 1.2604)1.2155 
54 |1.2596|1.2178 
55 |1.2589|1.2172 

1779 


1 
1 
] 
1 
56 | 1.2582) 1.2165|1 
1 
1.1773 1.1102|1.0801 | 1.0521] 1.0257 
1 


67 =| 1.2574)1.2159 
68 |1.2567/)1.2152 : 
1767 | 1.1419} 1.1097 | 1.0797 1.0516} 1.0252 | 1.0004 


59 | 1.2560] 1.2145 7 
GO| 1.2553 | 1.2139 | 1.1761 | 1.1413 | 1.1091 | 1.0792) 1.0512 |7.0248 | 1.000 


te 


1.1138 | 1.0835 | 1.0552] 1.0287 


1809 1.1133 | 1.0831 /1.0548/ 1.0282 


s. (h. m] hm. eS 8. 
w 0° 9’! 0° 10’ 0° 13/| 0° 14’] 0° 15/| 0° 16’ W 
~~ 9 11.3010) 1.2553 1.1413 |1.1091 |1.0792/1.0512/ 1.0248 aor 
1 |1.3002! 1.2545] 1.2132 1.1408] 1.1086 |1.0787] 1.0507 | 1.0244 1 
2 1|1.2994]1.2538]1.2126 1.1402| 1.1081] 1.0782] 1.0502|1.0240} 2 
3 1|1.2986|1.2531|1.2119 1.1397 | 1.1076 | 1.0777} 1.0498 | 1.0235 3 
4 |1.2978|1.2524|1.2113 1.1391 ]1.1071] 1.0773 | 1.0493 | 1.0231 4 
5 11.2970]1.2517| 1.2106 1.1386] 1.1066 | 1.0768 | 1.0489] 1.0227 5 
6 {1.2962] 1.2510] 1.2099 1.1380 |1.1061/1.0763]1.0454]1.0223|] & 
7 11.2954]1.2502] 1.2093 1.1374] 1.1055 |1.0758}1,0480/1.0219] 7 
8 |1.2946|1.2495|1.2086 1.1369 |1.1050|1.0753}]1.0475/1.0214] 8 
9 !1.2939|1.2488|1.2080 1.1363 }1.1045|1.074911.0471]1.0210] 9 

10. |1.2931}1.2481]1.2073 1.1358/1.1040| 1.0744] 1.0467|1.0206] 10 
11 |1.2923} 1.2474] 1.2067 1.1352] 1.1035 | 1.0739] 1.0462/1.0202] 11 
12 |1.2915}1.2467] 1.2061 1.1347 | 1.1030|1.0734]1.0458]1.0197| 12 
13 |1.2907}1.2460]1.2054 1.1342] 1.1025 | 1.0730}1.0453/1.0193| 13 
14 |1.2899]1.2453] 1.2048 1.1336/1.1020/1.0725}1.0449/1.0189| 14 
15 |1.2891]1.2445]1.2041 1.1331|1.1015 |1.0720/1.0444/1.0185| 15 
16 |1.2883]1.2438/1.2035 1.1325}1.1009/1.0715]1.0440/1.0181|] 16 
17 |1.2876] 1.2431] 1.2028 1.1320]1.1004|1.0711]1.0435|1.0176| 17 
18 |1.2868]1.2424| 1.2022 1.1314| 1.0999] 1.0706|1.0431|1.0172| 18 
19 |1.2860}1.2417| 1.2016 1.1309] 1.0994}1.0701]1.0426]1.0168} 19 
20 ‘1.2852 1.2410 1.2009 ' 1.1203 | 1.0989] 1.0696 | 1.042211.0164; 20 
21 |1.2845;1.2403| 1.2003 1.1298 ]1.6984]1.0692]1.0418/1.0160} 31 
22 |1.2837]1.2396| 1.1996 1.1292] 1.0979] 1.0687]1.0413/1.0156| 22 
23 | 1.2829]1.2389]1.1990 1.1287 ]1.0974]1.0682/}1.0409|1.0151] 23 
24 |1.2821/1.2382|14.1984 1.1282|]1.096911.0678|1.0404/1.0147) 24 
25 |1.2814|1.2375|1.1977 1.1276] 1.0964] 1.0673|1.0400/1.0143| 25 
26 |1.2806!1.2368|1.1971 1.1271] 1.0959} 1.0668]1.0395/1.0139| 26 
27 «~|1.2798}1.2362| 1.1965 1.1266| 1.0954] 1.0663}1.0391]1.0135] 27 
28 11.2791}1.2355| 1.1958 1.1260] 1.0919/1.065911.0387/1.0131] 28 
29 |1.2783}1.2348]1.1952 1.1255] 1.0944|1.0654/1.0382/1.0126] 29 
"30. |1.2775/1.234111.1946 1.1249] 1.0939] 1.0649] 1.0378|1.0122| 30 
31 | 1.2768}1.2334/1.1939 1.1244 |1.0934|1.06415|1.037411.0118| 31 
32 |1.2760/1.2327/1.1933 1.1239]1.0929]1.0640|1.036911.0114} 32 
33. | 1.2753] 1.2320] 1.1927 1.1233 | 1.0924 | 1.063511.036511.0110] 33 
34 |1.2745/1.2313/1.1921 1.1228 |1.0919}1.0631) 1.0360/1.0106{ 34 
35 1.2738] 1.2307/11.1914 1.1223 | 1.0914]1.0626]1.0356/1.0102) 35 
36 | 1.2730/1.2300/1.1908 1.1217 | 1.0909] 1.0621|1.0352|1.0098| 36 
87 11.2722/1.2293|1.1902 1.1212] 1.0904] 1.0617|1.0347|1.0093| 37 
38 {(1.2715/1.2286/1.1896 1.1207/]1.0899| 1.0612] 1.0343}1.0089| 38 
39 (1.2707|1.2279|1.1889 1.1201 | 1.0894 | 1.0608] 1.0339/1.0085] 39 
40 |1.2700}1.2272) 1.1883 1.1196] 1.0889] 1.0603}1.0334/1.0081! 40 
41 |1.2692| 1.2266] 1.1877 1.1191}1.0884|1.0598]1.0330/1.0077] 41 
42 |1.2685/1.2259/1.1871 1.1186] 1.0880 | 1.0594] 1.032611.0073| 42 
43 |1.2678|1.2252/1.1865 1.1180] 1.0875 | 1.0589] 1.0321}1.0069| 43 
44 |1.2670}1.2245/1.1858 1.1175 | 1.0870 |1.0585|}1.0317/1.0065| 44 
45 |1.2663}1.2239/1.1852 1.1170] 1.0865 | 1.0580}1.0313/1.0061| 45 
46 |1.2655|1.2232/1.1846 1.1164] 1.0860] 1.0575|1.0308|1.0057! 46 
47 |1.2648|1.2225]1.1840 1.1159] 1.0855 |1.0571|1.0304/1.0053| 47 
48 |1.2640|1.2218]1.1834 1.1154] 1,0850]1.0566|1.0300/1.0049| 48 
49 11.2633 |1.2212|1.1828 1.1149} 1.0845 | 1.0562]1.0295|1.0044] 49 


1.1128] 1.0826 | 1.0543 | 1.0278 


1 
1 
I 
1803 Ie 53 
1.1123] 1.0821 |1.0539/1.0274|1.0024| 54 
1 
i 
1 
1 


«1797 
.1791 1.1117 |1.0816| 1.0534] 1.0270 
- 1785 1.1112}1.0811] 1.0530) 1.0265 


1.1107 | 1.0806 | 1.0525} 1.0261 


a 
. 


9727 
9723 
9720 
9716 
9712 
9708 
9705 
9701 
9697 
9693 


ee ed 


9920 
9916 
9912 
9908 
9905 
9901 
2303 


9690 
9686 
9682 
9678 
9675 
9671 
9667 
9664 
9660 
9656 
9652 
96419 
9645 
9641 
9638 
9634 
9630 
9626 
9623 
9846} 9619 
—_—. | —___ +. 
9842 


9893 
9859 
9885 
9881 
9877 
9873 
9869 
9865 
9861 
9858 
9854 
9550 


9838 
9834 
9830 
9827 
9823 
9819 
9815 
9811 
9807 


9612 
9608 
9604 
9601 
9597 
9593 
9590 
9586 
9582 


9615. 


TABLE XXXIV. 


PROPORTIONAL LOGARITHMS, 


8751] 8578 
8748} 8570 
8745 | 8568 
8742 | 8565 
8739] 8562 
8736] 8559 
8733 | 8556 
8730] 8553 
8727 | 8550 
8724| 8547 


_ | | | | | | i | | -—————_. 


8721 
8718 
8715 
8712 
8709 
8706 
8703 
87090 
8697 
8694 


8691 


8544 
8542 
8539 
8536 
8533 
8530 
8527 
8524 
8522 
8519 
8516 


9262 


8403 
8400 
8397 
8395 
8392 
8389 
8386 
8384 
8381 
8378 
8375 
8372 
8370 
8367 
8364 
8361 
8359 
$356 
8353 
8350 


—_—_—— 


8348 
8345 
8342 
8339 
8337 
8334 
8331 
8328 
8326 
8323 
8320 
8318 
8315 
8312 
8309 
8307 
8304 
8301 
8298 
8296 


;) SRS a Se Seay eae Sanne ee 


8293 
$290 
8285 
8285 
8282 
8279 
8277 
8274 
8271 
8269 


h. m.| bh. m.| h. m.}| h. m.} bh. mJ h. m.} bh. m.} bh. m./ bh. m.} h. m./h. m.! bh. m. 
0° 24’! 0° 25"| 0° 26’| 0° 2741 0° 28’) 6? 20' 


8239] 8081 
8236 | 8079 
8234] 8076 
8231] 8073 
8228; 8071 
8226 | 8068 
8223] 8066 
8220] 8063 
8218} 8061 
8215 | 8058 


8212 
8210 
8207 
$204 
8202 
8199 
8196 
8194 
8191 
$188 


8055 
8053 
8050 
8048 
8045 
8043 
8040 
8037 
8035 
8032 


8156| 8030] 7879| 2 


8183 
8181 
8178 
8175 
8173 
8170 
8167 
8165 
8162 


8159 
8157 
8154 
8152 
8149 
8146 
8144 
8141 
8138 
8136 


8027 
8025 
8022 
8020 
8017 
8014 
8012 
8009 
8007 


S004. 
8002 
7999 
7997 
7994 
7992 
7989 
7987 
7984 
7981 


8133 
8131 
8128 
8125 
8123 
8120 
8117 
8115 
8112 
8110 


7979 
7976 
T7974 
7971 
7969 
7966 
7964 
7961 
7959 
7956 


_—— 


7929 
7926 
7924 
7921 
7919 
7916 
7914 
7911 
7909 
7906 


7904 
7901 
7899 
7896 
7894 
7891 
7859 
7887 
7884 
7882 


7877 
7874 
7872 
7869 
7867 
7864 
7862 
7859 
7857 
7855 
7852 
7850 
7847 
7845 
7842 
7840 
7837 
7835 
7832 


7830! 40 


7828 
7825 
7823 
7820 
7818 
7815 
7813 
781i 
7808 


— | ——————|- ————| | | | | | | |e + | I OOO! 


9579 
9575 
9571 
9568 
9564 
9561 
9557 
9553 
9550 
9546 


9803 | 
9500 
9796 
9792 
9788 
9784 
9780 
9777 
9773 


59 | 9769 


8266 
8263 
8261 
8258 
8255 
8253 
8250 
8247 
S244 
8242 


9467 | 9259 8688 | 8513 
9464] 9255 8685 | 8510 
9460 | 9252 8682 | 8507 
9456 | 9249 8679| 8504 
9453 | 9245 8676} 8502 
9449} 9242 8673 | 8499 
9446 | 9238 8670| 8496 
9442 | 9235 8667 | 8493 
9439 | 9232 8664} 8490 
9435 | 9228 8661} 8487 
9432] 9225 8658 | 8484 
9428 | 9222 8655 | 8482 
9425 | 9218 8652 | 8479 
9421] 9215 8649| 8476 
9418} 9212 8646} 8473 
9414) 9208 8643 | 8470 
9411] 9205 8640! 8467 
9407 | 9201 8637 | 8465 
9404} 9198 8635 | 8462 
9400) 9195 8632 | 8459 
9397 | 9191 8629| 8456 
9393 | 9188 8626| 8453 
9390 | 9185 8623| 8451 
9386 | 9181 8620; 8448 
9383 | 9178 8617} 8145 
9379 | 9t75 8614] 8442 
9376 | 9172 8612| 8439 
9372| 9168 8608 | 8437 
9369 | 9165 8605} 8434 
9365 | 9162 8602| 8431 
9362) 9158 8599| 8428 
9358 | 9155 8597 | 8425 
9355 | GL52 8594} 8423 
9351] 9148 8591} 8420 
9348] 9t 8588] 8417 
9344) 914 8585 | Silt 
9341 | 9138 8582| 8411 
9337 | 9135 8579 | 8409 
9334 | 9132] 8939 | 8754] 8576) 8106} 


“60 | 9765 | 9542 


8107 
8104 
8102 
8099 
8097 
8094 
8091 
8089 
8086 
8084 


T954 
7951 

7949 
7916 
T7944 
7941 
7939 
7936 
7934 
T9351 


9331 | 9128! 8935 8751| 873 | 8403! s2a9| Bos1! 7929 


7806 
7803 

7801 

7798 
7796 
7794 
7791 
7789 
7786 
T78A 


ou 
w 


7782| 60 


pare 


TABLE XXXIV. 
PROPORTIONAL LOGARITHMS. 


6642] 6532] 6425} O 
6640; 6530, 6423) 1 
6638] 6529} G1I21} 2 
6637 | 6527} 6120) 3 
6635 | 6525] G4ls| 4 
6633) 6523] 6416] 5 
6631} G521) 6414] 6 
6629] 6519] 6413; 7 
6627| 6518} G4ll| 8 
6625 | 5516] 6109) 9 


———_ | ——————_) —————_|  ——“~—\—@“ \|\y———“~| “|| -—@O~“«/'|—-“-|\— —_ |—_ | ——_—_ | ——_ 


6624| 6514| 6407| 10 
322] 6512] 6406] 11 
6620| 6510] 6401] 12 
6618! 6509| 6402! 13 
6728] 6616| 6507) 6400| 14 
6726| 6614} 6505| 6390, 15 


7208 
7206 


7204, 6725 | 6612] 6503] 6397} 16 
7202 6723 | 6611} 6501] 6395) 17 
7200 6721] 6609) 6500} 6293] 18 
7198 


7196 6717 | 6605 | 6496| 6390| 20 
7193 6715 | 6603] 6494] 6388} 21 
7191 6713| 6601] 6492! 6386] 22 
7189 6711| 6600] 6491| 6384} 23 
7187 6709| 6598] 6489| 6383] 24 
7185 6798| 6596| 6487| 6381| 25 
7183 6706| 6594] 6485| 6379] 26 
7181 6704] 6592| 6184| 6377| 27 
7179 6702| 6590| 6482] 6376! 28 
7177 6700] 6589] 6480| 6374! 29 
T175 6698 | 6587] 6478) €372] 30 
7172 6696] 6585| 6476| 6371) 31 | 
7170 6694) 6583! 6175} 6369] 32 
7168 6692! 6581! 6473! 6367] 33 
7166 6691 | 6579| 6471] 6365| 34 
7164 6699} 6578| 6469! 6364| 35 
7162 6687 | 6576| 6467 { 6362] 36 
7160 6685 | 6574] 6466| 6360] 37 
7158 6683| 6572] 6464| 6358] 38 
7156 6681! 6570| 6462| 6357] 33 


DN ee en EEE EE eee 


7154 6679] 6568 | 6460| 6355] 40 
7152 6677 | 6567 | 6459] 6353) 41 


7149 6676) 6565 | 6457| 6351) 42 
7147 6674} 6563) 6455 | 6350) 43 
7145 6672| 6561) 6453} 6348} 44 
7143 6670} 6559| 6451) 6346) 45 


7141 6668! 6558} 6450] 6341) 46 


7139 6666] 6556) 6448} 6343] 47 
7137 6664 | 6554 6341 | 45 
7135 6663 | 6552 4| 6339] 49 


— | ———— | —— ——____ | —— | | | | | | | 


7133 6661} 6550 ‘ 
7131 6659| 6548) 6441 
7129 6657 | 6547 | 6439 
7127 6655 | 6545 | 6437 
7124 6653 | 6543) 6435 
7122 665) | 6541) 6434 
7120 6650) 6539) 6132 
6648} 6588] 6430] 6325] 57 
6646 | 6536] 6428) 6324| 58 
6644 | 6534| 6427| 6322] 59 


66421 6532 6320} 60 


6338 | 50 
6336| 51 
633-4] 52 
6332) 53 
6331] 54 
6329] 55 
6327 | 56 


7114| 6992! 
6990 | 


TABLE XXXIV. 
PROPORTIONAL LOGARITHMS. 


.| hb. m.} h. m. 
0° 51} 0? 62’ 
5177 | 5393 
5476! 5391 
5474| 5390 
5173 | 5389 
5471| 5387 
5470} 5386 
5469] 5384 
5467 | 5383 
5466| 5382 
5464 | 5380 


5463 | 5379 
5161 | 5377 
5460] 5376 
5459 | 5375 
5457 | 5373 
5456} 5372 
5154} 5370 
9453 | 5369 
5452! 5368 
5450] 5366 


f 5449 

5987 | £ 5! 5447 

5985 5 54416 

5984 5: 5445 

5982 55% 5443 

5981 a: 5442 

5979 5526 | 5440 

6074] 5977 5611) 5524) 5439 

6072 { 5976 5610] 5522] 5437 

6071) 5974 5608} 5521) 5436 

6168] 6069] 5973| 55 5607 | 5520) 5135 
6166! 6067 | 5971 5605] 5518) 5433 
6165 | 6066) 5969 9604] 5517); 5432 
6163 | 6064} 5968 5602] 5516] 5130 
6161} 6063} 5966 5601] 5514) 5429 
6160} 6061) 5965 5599 | 5513] 5428 
6158} 6059} 5963 5598} 5511) 5426 
6156} 6058] 5961 5} 5596) 5510] 5425 
6155 | 6056] 59690 5595 | 5508} 5423 
6153} 6055) 5958 5594] 5507 | 5122 


252| 6151| 6053] 5957] 5863 “6680| 5592| 5506| 5421 
6150| 6051] 5955] 5861 5679| 5591] 5504| 5419 
6148| 6050] 5954] 5860 5677| 5589, 5503] 5418 
6146| 6048| 5952] 5858 5676| 5588] 5501| 5416 
6145 | 6046] 5950] 5856 5674| 5586| 5500| 5415 
6143] 6045! 5949] 5855 33| 5673| 5585] 5498] 5414 
6141] 6043) 59417] 5853 5671] 5583 5412 
6140] 60412} 5916] 5852 5670| 5582 5411 
6138} 6010] 5944] 5850 5669| 5580 5409 


6136] 6038! 5942] 5849| 5757] 5667] 5579 5408 


6135 “$037 | 5041| 5847 5666| 5578 5407 


6133( 6035! 5939] 5846 5664| 5576 5405 
6131| 6033 5938) 5844 5663 | 5575 5404 
6130] 6032 ° 5936] 5543 5661 | $573 5102 
6128} 6080 5935| 5841 9} 5660} 5572 5401 
5658 | 5570 5400 
5657 | 5569 5398 
5655 | 5567] : 5397 
5654} 5566 5395 
5652 5564 5304 


6118! 6021 2 : 5740| 6651| 5563| 5477! 5393 


eet So. es 0 be ico Ry 


+? 


ODNA ARP OW ~ 4) 


63 


h.m. 
0° 54’ 


5229 
Beet 
5226! 
5225 
9223 
5222 
§221 
6219 
5218 
5217 


5215 
5214 
5213 
S211 
5210 
5209 
5207 
5206 
5205 
5203 
5202 
5201 
5199 
5198 
5197 
5195 
5193| 
5193 | 
5191 
5199 


"5189 


5187 
5186 
5185 
5183 
5182 
5181 
0179 
5178 
5177 


“BITS 


5174 
5173 
5172 
5170 
5169 
5168 
5166 

5165 
5164 


“5162 
5161 
5160 
5158 
5157 
5156 

5154 
§153 
§152 
§150 


“5149! 507 


: 


0 55'| 2 56 02 ar 0° 58! 


“$149 
5148 
5146 
5145 
5144 
5143 
514} 
5140 
5139 
5137 


5136 
6135 
5133 
§132 
§131 
6129 
5128 
5127 
§125 
5124 
5123 
5122 
5120 
5119 
5118 
5116 
5115 
SITs 
5112 
dill 


“5110| 5032 


5108 
5107 
5106 
5105 
5103 
5162 
5101 
5099 
5098 
"5097 
5095 
5094 
5093 
5092 
5090 
5089 
5088 
5086 
5085 


“5084 
5082 
5081 
5089 
5079 
5077 
5076 
5075 
5073 
5072 
5071 


5058! 4981 | 4906 


sleegggeneeeggeeie22eel 


5021 4949 | ASTO| 4797 


TABLE XXXIV. 


PROPORTIONAL LOGARITHMS. 


RRR Pena © cet anemersinc = PST 


(h. m. hh m.|h. m.| h. m. | h. m.J bh. m, ” m. h. m. 


0° 59"| 19 Perr 
4844] 4771| 4699 
4843 | 4770} 4698 
4842| 4769} 4697 
4841| 4768| 4696 
4839| 4766) 4695 
4835, 4765 
4837 | 4764| 4692 
4836| 4763] 4691 
4534 | 4762] 4090 
4833 | 4760] 4689 
4532} 4759} 4658 
4831] 4758) 4686 
4830| 4757) 4685 
4828 | 4756] 4654 
4827 | 4754] 4653 
4826] 4753] 4652 
4825 | 4752) 4680 
4823 | 4751} 4679 
5048 | 4971] 4896) 4822| 4750) 4675 
5016] 4970) 4895] 4821] 4748} 4677 


5045| 4969| 4894] 4820) 4747| 4676 
5044] 4967] 4882} 4819| 4746] 4675 

5043| 4966! 4891] 4817] 4745| 4673 
50411 4965} 4890 1816) 4744 | 4672 
5040| 4964) 4889 tet 4742| 4671 


5071) 4994] 4918 
3070} 4993 | 4917 
5068 | 4991) 4916 
5067 | 4990] 4915 
5066) 4989) 4913 
5064] 4988} 4922 
5063] 4956] 4911 
5062| 4955} 4910 
5061) 4984] 4905 
9059) 4983 | 4997 


5057 | 4980] 4905 
5055 | 4979] 4903 
5054| 4977 | 4992 
5053| 4976] 4901 
5051) 4975) 4900 
5050! 4974| 4899 
5049| 1972| 4897 


5039 | 4962| 4887] 4814 
50371 4961} 4856] 4812 
5036] 4960 pind 4811) 4739) 4668 
5035| 4959] 4884! 4810] 4738] 4666 
5034] 4957 ia) 4509 | A736| 4665 
-4956| 4881] 4808| 4735 | 4664 
4955 pes 4806 34| 4663 
5030] 4951| 4879| 4805} 4733 | 4662 
5028 | 4952 4877 4804} 4732) 4660 
5027; 4951] 4876! 48503] 4730] 4659 
9026 | 49590| 4875] 4801! 4729] 4658 
5025 | 4919] 4874] 48001 4728| 4657 
5923 | 4917| 4873; 4799| 4727) 4656 
5022| 4946] 4871} 4798) 4726) 4655 
4724| 4653 


5031 


Seal 

~) 
© ¢o| 
we 


~5019| 4943] 48691 4795 
5018} 4942| 4868| 4794 
5017| 49.41] 4866| 4793 
5016] 4940} 4865| 4792 
5014] 4938] 4864] 4791 
5013| 4937| 4863| 4789 
5012| 4936 4861 | 4788 
5011] 4935] 4860! 4787 
5009} 4933] 4859) 4786 
5008 | 4932! 4858} 4785 
5007 | 4931| 4856) 4783 
5005 | 4930| 4855| 4782 
5004} 4928] 4854| 4781 
5003| 4927| 4853| 4780 
5002} 4926| 4852] 4778 
5000] 4925| 4850! 4777 
4999| 4923] 4849| 4776 
4998 | 4922| 4848! 4775 
4997 | 4921| 4847] 4774 
4995 | 4920| 4845] 4772 


“4994! 4918! 4844| 47711 


4722) 4651 
4721 | 4650 
4720} 4649 
4718} 4658 
4717} 4616 
4716) 4645 
4715 | 4644 
S714) 4643 
4712} 4642 
47i1| 4640 
4710} 1639 
4709} 4638 
4708 | 4637 
4707 | 4636 
4705 | 4635 
4704) 4633 
4703 | 4632 
4702| 4631 
4701} 4630 


4699! 4629 


jo 


4608 
4607 
“4606 


4603 


4595 
4504 


4723 | 4652 


4629 
4628 
4626 
4625 
4624 
1623 
4622 
4621 
4619 


4618 


4617 
4616 
4615 
4614 


4612 


A611 


4610 


4609 


4604 


4692 
4601 
4600 
4599 
4597 
4596 


4593 
4592 


4559 


PT 3) 
SEE AEE EEE] 


eee 


y! 1° = 


“4559 
4558 
4557 
4556 
4555 
4554 
4552 
4551 
4550 
4549 
4548 
A547 


4525 | 


4524 
4523 
4522 
4520 
4519 
4518 
4517 
4516 
4515 


4491 


4468) 4401 


4457 | 4390] 30 
4456] 4389] 31 


“4424| 4357 


h. m. | h. mi 2. 
ae Wa 
aaa 

4499 | 4422 
4489 

4488 

4486 

4485 

4484 

4483 

4482 

4461 


480) 4412 
4479 | 4411 
4477 | 4410 
4476} 4409] 13 


nes 
= 
_— 
=} 
a 
S/O Onan ff Wh = © 


ted 
N= 


4475 
4474 
4473 
4472 
4471 
4469 


4AOT 
4466 
4465 
4464 
4463 
4462 
4469 
4459 
4458 


4455 
4454 
4453 
4452 
4450 
4449 
4448 
4447 
4446; 4379 
4445 | 4378 
4444] 4377 
4443 | 4376 
4441] 4375 
4440] 4374 
4439] 4373 
4438} 4372 
4137 | 4370 
4436} 4369 


4435 | 4368! 50 


4434] 4367 
4433 | 4366 
4431 | 4365 
4439) 4364 
4429} 4303 
4428 | 4362 
4427 | 4361 
4426 | 4359 
4425 | 4358 


t 


4292 
4291 
4290 
4289 
4288 
4287 
4285 
4284 
4283 
4252 


4228 


4227 
4226 
4224 
4223 
4222 
4221 
4220 
4219 
4215 


4163 
4162 
4161 
4160 
4159 
4158 
4157 
AL5S6 
4155 


TABLE XXXIV 
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4102 
4101 
4100 
4099 
4098 
4097 
4096 
4095 
4093 
4092 


ae tg he NP rele ed 


3979] 3919] 3860. 


3978 
3977 
3976 
3975 
3974 
3973 
3972 
3971 
3970 


3919 
3918 
3917 
3916 
3915 
3914 
3913 
3912 
3911 


3559 
3858 
3857 
3856 
3856 
3255 
3854 
3853 
3552 


ee ee ee Se ee, ee 


8. 
a 
0 | 4357 
1 | 4356 
2} 4355 
3 | 4354 
4 | 4353 
5 | 4352 
6 | 4351 
7 | 4350 
8 | 4349 
9 | 4347 
10 | 4346 
Il | 4345 
12 | 4344 
13 | 4343 
14 | 4342 
15 |°4341 
16 | 4349 
17 | 4339 
18 | 4338 
19 | 4336 
20 | 4335 
21 | 4334 
22 | 4333 
23 | 4332 
24 | 4331 
25 | 4330 
26 | 4329 
27 | 4328 
28 } 4327 
29 | 4326 
“30 | 4325 
31 | 4323 
32 | 4322 
33 | 4321 
34 | 4320 
35 | 4319 
36 | 4318 
37 | 4317 
38 | 4316 
39 | 4315 


4314 
4313 
4311 
4310 
4309 
4305 
4307 
4306 
4305 
4304 


ee ee ee ee 
—— ee ee ee 


“A175 


4303 
4302 
4301 
4300 
4298 
4297 
4296 
4295 
4294 
4293 
60 | 4292 


4251 
4280 
4279 
4278 
4277 
4276 
4275 
A274 
4273 
4271 


4270 


4269 
4268 
4267 
4266 
4265 
4264 
4263 
4262 
4261 


4260 


4259 
4258 
4256 
4255 
4254 
4253 
4252 
4251 
4250 


4249 


4248 
4247 
4246 
4245 
4244 
4243 
4241 
4240 
4239 
4235 
4237 
4236 
4235 
4234 
4233 
4232 
4231 
4230 
4229 


4217 
4216 
4215 
4214 
4213 
4212 
4211 
4210 
4209 
4207 


4206 


4205 
4204 
4203 
4202 
4201 
4200 
4199 
4198 
4197 


4196 


4195 
4194 
4193 
4192 
4191 
4189 
4188 
4187 


4154 
4153 
4152 
4151 
4150 
4149 
4147 
41i6 


4145; 


4144 


"4143 


4142 
4141 
4140 
4139 
4138 
4137 
4136 
4135 
4134 


4133 
4132 
4131 
4130 
4129 
4128 
4127 
4126 
4125 


4186} 4124 


4185 


4184 
4183 
4182 
4181 
4180 
4179 
4175 
4177 
4176 


4174 
4173 
4172 
4171 
4169 
4168 
4167 
4166 
4165 


4122 


4121 
4120 
4119 
4118 
4117 
4116 
4115 
4114 
4113 


4112 
4111 
4110 
4109 
4108 
4107 
4106 
4105 
4104 
4103 


4091 
4090 
4089 
4088 
4087 
4086 
4085 
4084 
4083 
4082 


4080 
4079 
4078 
4077 
4076 
4075 
4074 
4073 
4072 
4071 
4070 
4069 
4068 
4067 
4066 
4065 
4064 
4063 
4062 


4060 
4059 
4058 
4056 
4055 
4054 
4053 
4052 
4051 


4050 
4049 
4048 
4047 
4046 
4045 
4044 
4043 
4042 
4041 


4081 


4061 


4228! 4164| 4102} 40401! 3979 


3959 


10| 39149 


3919 


3910 
3909 
3908 
3907 
3906 
3905 
3904 
3903 
3962 
3901 
3900 
3599 
3898 
3897 
3896 
3895 
3894 
3893 
3892 
3891 
3890 
3889 
3888 
3887 
3886 
3885 
3884 
3883 


3969 
3968 
3967 
3966 
3965 
3964 
3963 
3962 
3961 
3960 


3958 
3957 
3956 
3955 
3954 
3953 
3952 
3951 
3950 


3948 
3947 
3946 
3945 
3944 
3943 
3942 
3941} 3882 
3940} 3881 
3939) 3880]. 
3938 | 3879 
3937 | 3578 
53936 | 3877 
3935 | 3876 
3934) 3875 
3933 | 3874 
3932] 3873 
3931] 3872 
3930] 3871 
3929 
3928 
3927 
3926 
3925 
3924 
3923 
3922 
3921 
3920 


3870 
3869 
3868 
3867 
3866 
3865 
3864 
3863 
3862 
3561 
3860 


3851 
3850 
3849 
3548 
3847 
3846 
3845 
3844 
3843 
3842 


3841 er 


3840 
3839 
3838 
3837 
3836 
3835 
3834 
3833 
3832 


"3831| 373 | 3716 


3830 
3829 
3828 
3827 
3826 
3825 
3824 
3823 
3822 | 3765, 


3821] 3764, 
3820 
3820 
3819 
3818 
3817 
3816 
3815 
3814 
3813 


3812 
3811 
3810. 
3809 
3808 
3807 
3806 
3805 
3804 
3803 


3802 | 3745 


he moti, mh m,/h. mh. mth, m, hy mth, m./ hy mh m,! bh. mt 
12 6419 74° 841° 9% 1- 10’ 
4164 


{1-16 
“8745 
3744 
$743 
3742 
3741 


3689 
3658 


i 3633 


8669 
3668 
8667 

3656 
3665 
3G64 
3663 
3663 
$662 
3661 
“3660 
3659 
3658 
3657 
3656 
3655 
3654 
3653 
3652 
3651 


3650 


3649 
3649 
3648 
3647 
3646 
3645 
3644 
3643 
3642 


3641. 
3640 
3639 
3638 
3637 
3636 
3635 
3635 
3634 
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220 TABLE XXXIV. 
PROPORTIONAL LOGARITHMS. 


h. mj h. m.|h. mj h. m.| 8. 
1° 26'| 1° 27'| 1° 28'| 1~ 29") # 


h. m.Jh. m.|h. m.}h. m.{h. m.[h. m.| h. m.| h. m. 
1° 18/1 19 19/1 1° 20" 1° 21"| 1° 22’) 1° 23’) 19 24’) 1° 25’ 


ey | f | | ff | | | | 


3522] 3468] 3415] 3362] 3310] 3259] 3208] 3158) 3108] 3059 
3521| 3467} 3414] 3361] 3309} 3258] 3207] 3157] 3107} 3058 
3520] 3466] 3413] 3360] 3308} 3257] 3206] 3156) 3106} 3057 
3519] 3465} 3412! 3359] 3307] 3256| 3205) 3155] 3105} 3056 


Ss. 

a” 

0 | 3632 0 
1 | 3631 1 
2 | 3630 2 
3 | 3629 3 
4 | 3628 3518| 3464} 3411} 3358} 3306; 3255] 3204] 3154) 3105) 3056) 4 
5 | 3627 3517 | 3463] 3410] 3358| 3306] 3254] 3204) 3153) 3104) 3055) 5 
6 | 3626 3516} 3463] 3409] 3357] 3305] 3253] 3203] 3153) 3103] 3054] 6 
7 | 3625 7 
8 | 3624 8 
9 | 3623 9 
10 | 3623 3513 | 3459| 3406] 3353] 3301] 3250| 3199] 3149} 3100) 3051] 10 


3515 | 3462} 3408] 3356] 3304] 3253] 3202} 3152) 3102) 3053 
3514| 3461] 3408] 3355] 3303) 3252) 3201) 3151| 3101] 3052 
3514| 3460} 3407} 3354] 3302] 3251] 3200| 3150/ 3101) 3052 


3512| 3458} 3405 | 3352] 3300) 3249 
3511| 3457 | 3404) 3351] 3300} 3248 
3510 = 3403 | 3351] 3299} 3247 


3198} 3148] 3099} 3050] 11 
3198] 3148) 3098} 3049) 12 
3197 | 3147) 3097} 3648} 13 


14 | 3619 3509| 3455 | 3402] 3350 3146| 3096| 3647| 14 
15 | 3618 3508 | 3454) 3401! 3349 3145 | 3096| 3047 | 15 
16 | 3617 3507 | 3454} 3400] 3348 | $144] 3095] 3046] 16 
17 | 3616] 3561] 3506) 3453] 3400] 3347 3143 | 3094) 3045 | 17 


3399 | 3346 3143 | 3093 | 3044] 18 
3398 | 3345 3142} 3092| 3043) 19 


ee eee 


3613] 3558} 3504} 3450] 3397) 3345 
3612] 3557] 3503] 3449] 3396| 3344 


————— |< —| | =| es 


3141) 3091 
3140) 3091 
3139] 3090 
3138] 3089| 3040) 23 
3138] 3088| 3039) 24 
3137 | 3087 | 3039) 25 
3136 | 3087) 3038} 26 
3135! 3086] 3037 | 27 | 


3395 | 3343 
3394) 3342 
3393 | 3341 
3393 | 3340 
3392 | 3339 
3391] 3338 
3390] 3338 
3389 | 3337 
3385 | 3336 
3387 | 3335 
3386 | 3334 


3134] 3085 | 3036) 28 
3133 | 3084] 3035) 29 
3133 | 3053 | 3034/| 30 
3132] 3082} 3034] 31 
3131] 3082) 3033] 32 


3549 
35418 
3547 


3603 
3602 


33 | 3601 3192 | 3438] 3386) 3333 3130] 3081) 3032) 33 
34 | 3600 3491] 3438] 3385] 3332 3129} 3080] 3031) 34 
35 | 3599 3490| 3437] 3384) 3332 3129] 3079| 3030] 35 
36 | 3598 3489 | 3436] 3383 | 3331 3128| 3078] 3030) 36 

3598 3330 3127 | 3078] 3029) 37 


3329 3126) 3077] 3028] 38 
3328 3125| 3076] 3027] 39 


—<—<$—<—<—_ | -——qq— |c~j~ |] |) qe |e |e — \|qucm!i ——|_.. 


3124] 3075 | 3026) 40 
3124] 3074] 3026) 41 
3123 | 3073 | 3025| 42 
3122} 3073] 3024] 43 
3121} 3072} 3023) 44 
3120} 3071] 3022) 45 


3322 3119} 3070| 3022} 46 
3321 3119} 3069| 3021) 47 
3320 3118} 3069; 3020) 48 
3319 3117 | 3068} 3019| 49 
3319 3116} 3067) 3018| 50 
3318 3115} 3066) 3018] 51 
3317 3114| 3065| 3017] 52 
3316 3114} 3065 | 3016] 53 
3315 3113 | 3064] 3015] 54 
3314 3112} 3063) 3014} 55 
3313 3111) 3062} 3014} 56 
3313 3110} 3061} 3013} 57 
3312 3110} 3060| 3012) 58 


3060} 3011] 59 
3059 | 3010| 60 


PROPORTIONAL LOGARITHMS. 


2685 | 2640} 2596] 2553] 2510 
2962] 2914] 2867 | 2821} 2775| 2729| 2684) 2640) 2596] 2552] 2509 
2961 | 2913] 2866] 2820] 2774] 2729] 2684] 2639] 2595) 2551] 2508 
2960| 2912] 2866} 2819] 2773] 2728| 2683} 2638] 2594] 2551] 2507 


2958| 2911] 2864] 2318] 2772] 2726] 2681] 2637] 2593] 2549] 2506 
3005 | 2958] 2910] 2863 | 2817] 2771 | 2725] 2681] 2636} 2592} 2548} 2505 
3005 
3004 
3903 
10 | 3002 
Il | 3001 
12 | 3091 


2957 | 2909] 2862} 2816) 2770| 2725) 2680] 2635! 2591) 2548] 2504 
2956} 2909| 2862] 2815| 2769] 2724] 2679) 2635 | 2591) 2547] 2504 
2955 | 2908] 2861] 2815} 2769} 2723; 2678] 2634] 2590) °2546| 2503 
2954| 2907] 2860] 2514] 2768] 2722] 2678] 2633] 2589} 2545] 2502] 10 
2954 | 2906} 2859] 2813] 2767] 2722] 2677] 2632) 2588] 2545] 2502] 11 
2953! 2905| 2859] 2812] 2766| 2721} 2676| 2632) 2588] 2544] 2501] 12 


TABLE XXXIV. 221 


0 
1 
2 
3 
2959) 2912] 2865] 2818] 2772] 2727] 2682] 2638] 2593) 2550] 2507} 4 
5 
6 
7 
8 
9 


1 
2 
3 
4 
5 | 3006 
6 
7 
8 
9 


13 | 3090, 2952| 2905] 2858| 2811] 2766] 2720] 2675| 2631] 2587| 2543] 2500] 13 

14 | 2999] 2951] 2904] 2857] 2811] 2765] 2719] 2675] 2630] 2586| 2543 

15 | 2998] 2950] 2903|2856| 2810] 2764] 2719] 2674| 2629] 2585] 2542] 2. 

16 | 2997! 2950) 2902] 2855| 2809] 2763] 2718] 2673] 2629] 2585| 2541] 24981 16 

17 | 2997| 2949] 2901] 2855 | 2808| 2763] 2717] 2672] 2628] 2584| 2540] 2497] 17 

18 | 2996] 2948] 2901| 2854] 2808] 2762] 2716| 2672| 2627| 2583] 2540] 2497] 18 

19 | 2995] 2947| 2900| 2853| 2807] 2761] 2716] 2671| 2626| 2583} 2539] 2496] 19 

“90 | 2994; 2946] 2899| 2852] 2806| 2760 2715| 2670| 2626] 2582] 2538] 2495| 20. 
21 | 2993] 2916| 2898] 2852] 2805] 2760| 2714] 2669| 2625! 2581] 2538| 2494] 21 


23 | 2992| 2944] 2897| 2850] 2804] 2758] 2713] 2668] 2624] 2580] 2536 
24 | 2991| 2043] 2896] 2849] 2803] 2757| 2712| 2667} 2623| 2579| 2535 
25 | 2990! 2942] 2895] 2848] 2802] 2756| 2711] 2666] 2622] 2578] 2535 
26 | 2989| 2942] 2894] 2848] 2801| 2756] 2710] 2666] 2621] 2577| 2534 
27 | 2989| 2941] 2894] 2847] 2801| 2755] 2710] 2665] 2621| 2577] 2533 
28 | 2988! 2940] 2893] 2846| 2800] 2754] 2709| 2664] 2620] 2576] 2533 
29 | 2987! 2939] 2892| 2845| 2799! 2753| 2708] 2663] 2619! 2575| 2532 
“30 | 2996] 2939] 2891| 2845] 2798] 2753| 2707) 2663| 2618| 2574] 2531| 2488] 30 
31 | 2985| 2938] 2891| 2844] 2798| 2752] 2707] 2662] 2618| 2574! 2530] 2487] 31 


22 | 2993| 2945] 2898] 2851] 2805, 2759| 2713| 2669] 2624) 2580 : 2194 | 22 


32 | 2985| 2937} 2890] 2843| 2797] 2751] 2706| 2661] 2617] 2573] 2530] 2487] 39 
33 | 2984] 2936] 2889| 2842| 2796] 2750| 2705| 2660] 2616| 2572] 2529] 2486] 33 
34 | 2983| 2935] 2888| 2842] 2795| 2750] 2704| 2660] 2615 | 2572| 2528] 2485] 34 
35 | 2982] 2935| 2887| 2841| 2795] 2749] 2704] 2659] 2615 | 2571] 2527| 2485] 35 
36 | 2981] 2934] 2887] 2840] 2794| 2748] 2703] 2658] 2614| 2570] 2527! 2484] 36 
37 | 2981| 2933] 2886] 2839| 2793] 2747] 2702! 9657! 2613] 2569] 2526| 2483] 37 
38 | 2980| 2932] 2885| 2538] 2792] 2747] 2701| 2657] 2612] 2569] 2525] 2482] 38 
39 | 2979| 2931] 2884} 2838] 2792] 2746] 2701] 2656] 2612| 2568] 2525} 2482] 39 
“Fo | 2978! 2931| 2883| 2837] 2791] 2745| 2700] 2655] 2611| 2567| 2524) 2481] 40° 


41 | 2977] 2930] 2883] 2836] 2790| 2744| 2699) 2655 | 2610| 2566] 2523; 2480] 41 
42.| 2977| 2929| 2882] 2835] 2789} 2744] 2698] 2654] 2610} 2566] 2522) 2480] 42 
43 | 2976| 2928] 2881] 2835] 2788] 2743) 2698] 2653] 2609] 2565 | 2522] 2479} 43 
44 | 2975, 2927| 2880] 2834] 2788] 2742] 2697} 2652] 2608] 2564] 2521| 2478] 44 

| 2927 | 2880| 2833] 2787] 2741) 2696] 2652] 2607 | 2564] 2520] 2477| 45 
46 | 2973| 2926] 2879| 2832] 2786| 2741] 2695 | 2651] 2607] 2563] 2520| 2477| 46 
47 | 2973| 2925] 2878] 2831] 2785| 2740| 2695 | 2650] 2606] 2562] 2519] 2476! 47 
48 | 2972] 2924| 2877] 2831] 2785] 2739; 2694| 2649] 2605) 2561] 2518] 2475| 45 


49 | 2971] 2924] 2876} 2830] 2784 2738 | 2693 | 2649] 2604] 2561 2517 | 2475 | 49 


50 | 2970| 2923| 2876| 2829] 2783| 2738| 2692/2648] 2604 | 2560) 2517 | 2474] 5u 
51 | 2969| 2922] 2875| 2828} 2782] 2737| 2692] 2647] 2603] 2559] 2516] 2473] 51 
52 | 2969| 2921] 2874| 2828] 2782] 2736] 2691] 2646] 2602] 2559] 2515 | 2472! 52 
53 | 2968| 2920] 2873] 2827| 2781] 2735] 2690] 2646] 2601] 2558] 2515 | 2472] 53 
54 | 2967] 2920] 2873] 2826] 2780| 2735] 2689) 2645) 2601] 2557] 2514| 2471] 54 
55 | 2966| 2919| 2872] 2825| 2779] 2734] 2689| 2644] 2600] 2556] 2513] 2470] 55 
56 | 2965| 2918] 2871| 2825] 2779| 2733| 2688| 2643) 2599] 2556] 2512] 2470] 56 
57 | 2965) 2017| 2870] 2824] 2778) 2732) 2687) 2643] 2599) 2555) 2512) 2469) 57 
58 | 2964] 2916| 2869] 2823| 2777| 2732) 2687} 2642) 2598] 2554] 2511] 2468] 58 
59 | 2963] 2016! 2869| 2822] 2776! 2731| 2686| 2641) 2597) 2553] 2510] 2467) 59 | ; 
“G0 | 2962| 2915! 2868 | 2821 3775 | 2730 2685 | 2640 | 2596) 2553[ a510| Bi67 Go | 


—— OO ..0 


fe EE_EOEEEEEEEEEEEEESESESESESESESESESESEeSESeESeeEeEeEeEeEeEeEFeFH 


222 TABLE XXXIV. | 


PROPORTIONAL LOGARITHMS. 


2200} 2160} 2120 
2199] 2159} 2120) 2081} 2042] 2003] 29 


2198} 2159 9| 2080} 2041] 2003) 30 


2239 
2238 
2237 
2237 
22356 
2235 


“30 | 2445| 2403| 2362] 2320] 2279 
2361] 2320; 2279 
39 | 2444| 2402] 2360] 2319] 2278 
33 | 2443] 2401] 2359| 2318| 2277 
34 | 2443] 2401] 2359} 2317| 2277 
35 | 2442] 2100| 2358] 2317| 2276 
36 | 2441] 2399| 2357] 2316| 2275 
37 | 2441] 2398| 2357] 2315| 2274 
38 | 2440| 2398| 2356] 2315| 2274 
39 | 2439| 2397| 2355] 2314] 2273 


2198| 2158, 2118 
2197 | 2157) 2118 
2196| 2157}| 2117 
2196 _ 2116 
2195] 2155] 2116 
2235 | 2194 2155 2115 
2234) 2194] 2154) 2115 


2233 | 2193] 2153} 2114 
2233} 2192] 2153] 2113 


31 | 2445) 2403 | 2079} 20141] 20062] 31 
2079 | 2040} 2001} 32 
2078 | 2039] 2001] 33 
2077 | 2039] 2000; 34 
2077 | 2038} 2000) 35 
2076 | 2037] 1999) 36 
2075 | 2037] 1998) 37 
2075] 2036] 1998] 38 
2074) 2035] 1997] 39 
2073| 2035| 1996] 40 
2073} 2034] 1996] 41 
2072] 2033] 1895| 42 


2245 
2244} 2204) 2164] 2124 


s. |h. mjh. m.Jh. mh. m.}h. m.|h. m.| h. m.} h. h. — 
m 19 42/| 1° 43119 44" 19 45/}1 46’ 10477 1° 48'| 19 49" 19 50'/ 1951119521 53) ® 
~©0 | 2467] 2424) 2352) 2341 | 2300] 2259) 2218] 2178, 2139] 2099] 2061] 2022) 0 
1 | 2466] 21214] 2352] 2340] 2299] 2258] 2218] 2178] 2138| 2099} 2060] 2021] 1 
2 | 2465} 2423] 2381| 2339] 2298] 2258| 2217] 2177] 2137] 2098] 2059] 2021] 2 
3 | 2465] 2422] 2380 2339] 2298| 2257] 2216] 2176] 2137] 2098] 2059] 2020] 3 
4 | 2464] 2422] 2380! 2338] 2297] 2256] 2216] 2176] 2136! 2097] 2058] 2019! 4 
5 | 2463] 2421] 2379] 2337] 2296) 2256} 2215} 2175] 2136] 20961 2057] 2019] 5 
6 | 2462 2120] 2378| 2337 Ae 2255] 2214| 2174| 2135] 2096] 2057] 2018] 6 
7 | 2462] 2419] 2378! 2336] 2295] 2254] 2214] 2174] 2134] 2095| 2056] 2017] 7 
8 | 2461] 2419! 2877] 2335] 2294) 2253] 2213] 2173] 2134] 2094] 2055] 2017] 8 
9 | 2460] 2418] 2376] 2335] 2294! 2253) 2212| 2172] 2133] 2094] 2055] 2016] 9 
10 | 2460] 2417| 2375| 2334] 2293| 2252] 2212| 2172| 2132| 2093| 2054] 2016! 10 
11 | 2459] 2417] 2375] 2333] 2292! 2251] 2211{ 2171] 2132! 2092] 2053] 2015] 11 |] 
12 | 2458] 2416! 2374] 2333| 2881) 2251! 2210 2170] 2131] 2092] 2053| 2014] 12 
13 | 2458| 2415| 2373] 2332] 2291] 2250] 2210, 2170] 2130] 2091] 2052] 2014] 13 
14 | 2457| 2415! 2373] 2331] 2290] 2249] 2209] 2169] 2130] 2090] 2052] 2013! 14 
15 2456) 2414( 2372] 2331] 2289] 2249] 2208] 2169] 2129] 2090] 2051] 2012] 15 | 
16 | 2455) 2413| 2371] 2330] 2289] 2258] 2208] 2168| 2128] 2089} 2050] 2012] 16 
17 | 2455} 2412] 2371] 2329] 2288] 2247] 2207] 2167] 2128; 2088] 2050] 20111 17 
18 | 2454] 2412] 2370] 2328] 2287| 2247] 2206] 2167] 2127] 2088] 2049] 2010] 18 
19 | 2453] 2411| 2369/ 2328] 2287| 2246] 2206| 2166) 2126] 2087! 2048] 2010] 19 
“20 | 2453] 2410] 2368] 2327] 2286] 2245| 2205] 2165! 2126] 2086] 2048| 2009] 20° 
21 | 2452] 2410] 2368] 2326] 2285 2201] 2165] 2125} 2086] 2047| 2009} 21 
22 | 2451} 2409| 2367] 2326] 2285 2085 | 2046] 2008! 92 | 
23 | 2450] 2408 | 2366) 2325] 2284] 2243] 2203} 2163| 2124] 2085] 2046] 2007] 23 | 
24 | 2450] 2408] 2366] 2321! 2253] 2243] 2202] 2163] 2123] 2084] 2045| 2007] 24 | 
25 | 2449] 2407] 2365| 2324! 2283] 2242] 2202] 2162] 2122] 2083| 2044} 2006] 25 
26 | 2448| 2406] 2364| 2823] 2282] 2241! 2201] 2161] 2122] 2083! 2044] 2005 26 | 
27 | 2448] 2405] 2364| 2322] 2251! 2241] 2200] 2161] 2121] 2082! 2043} 2605] 27 
| 


2192] 2152/ 2113 
2191} 2151] 2112 
2190} 2151] 2111 
2190] 2150) 2111 
2189] 2149) 2110 
2188} 2149] 2109 
2188] 2148] 2109 
2187 | 2147] 2108 
2186| 2147} 2107 
2186| 2146] 2107 


2185 | 2145] 2106 
2184) 2145| 2105 
2184| 2144! 2105 
2183} 2143] 2104 
2182] 2143] 2103 
2182); 2142} 2103 
2181} 2141] 2102 


2232 
2231 
2231 
2230 
2229 
2229 
2228 
2227 
2227 
2226 


2225 
2225 
2224 
2223 
2223 


40 | 2438| 2396] 2355| 2313| 2272 
41 | 2438| 2396] 2354] 2313| 2272 
42 | 2437| 2395] 2353| 2312) 2271 
43 | 2436| 2394] 2353] 2311| 2270 
44 | 2436| 2394] 2352] 2311] 2270 
45 | 2435| 2393] 2351] 2310] 2269 
46 | 2434] 2392] 2350] 2309] 2268 
47 | 2433] 2391] 2350] 2309| 2268 
48 | 2433] 2391] 2349] 2308| 2267 
49 | 2432) 2390] 2348] 2307] 2266 
“50 | 2431| 2389| 2348] 2307! 2266 
&1 } 2431| 2389| 2347] 2306] 2265 
52 | 2430| 2388| 2346] 2305] 2264 
53 | 2429| 2387] 2316] 2304] 2264 
54 | 2429| 2387] 2345] 2304| 2263 
55 | 2428| 2386] 2344] 2303| 2262 
56 | 2427) 2385| 2344] 2302] 2262 

57 | 2426| 2384] 2343] 2302| 2261 
58 | 2426] 2384] 2342] 2301! 2260 
59 | 2425] 2383| 2342! 2300] 2260 


“60 | 2424| 2352! 2341 2300! 2259 


2072] 2033] 1994] 43 
2071| 2032] 1994] 44 
2070| 2032] 1993] 45 
2070] 2031] 19931 46 
2069] 2030] 19924 47 
2068 | 2030] 1891] 4s 
2068 | 2029] 1991] 49 
2067} 2028] T990| 50. 
2066] 2028] 1989] 51 
2066| 2027] 1989] 52 
2065 | 2026| 1988] 53 
2064} 2026] 1987] 54 
2064] 2025| 1987] 55 
2063| 2025| 1986] 56 
2180| 2141] 2101} 2062} 2924] 1986] 57 
2180] 2140} 2101} 2062] 2023] 1985] 58 
2179} 2139) 2100} 2061] 2023] 1984] 59 


—- | ae Eh Sts 
—~——_—_ | er ee 


2178 “60 | 2424] 2382! 2341" 2300) 2259| 2218! 2178! 2139) 2099 21 2099 | 2061} 2022 19841 60 


———— 


98 | 2447] 2405| 2363] 2322] 2281] 2240 
29 | 2446! 2404| 2362] 2321] 2280| 2239 
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o 
not 
_ 
. 
— 
— 
= 


ee Se ee ee eee 


EY 
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TABLE XXXIV, 
PROPORTIONAL LOGARITHMS. 
0 1984| 1946) 1908; 1871] 1834 1725| 1659| 1654] 1619 0 
1 1983| 1945] 1908! 1870] 1833 1724| 1689] 1653) 1618 1 
2 1982] 1944] 1907) 1870} 1833 1724| 1685] 1652} 1617 2 
3 1982) 1944] 1906) 1869] 1832 1723| 1687} 1652 1617 3 
4 1981 | 1943} 1906: 1868] 1831 1722} 1687] 1651] 1616 4 
5 1981 | 1943} 1905} 1868] 1831 1722| 1686} 1651] 1616 5 
6 1980} 1942} 1904] 1867} 1830 1721| 1686| 1650) 1615 6 k 
7 1979| 1941) 1904} 1867} 1830 1721| 1685] 1650] 1614 7 
8 1979| 1941} 1803] 1866) 1829 1720} 1684} 1649; 1614 3 
9 1978} 1940] 1903] 1865| 1828] 1792] 1755] 1719| 1684] 1648] 1613 9. 
10 1977 | 1939] 1902] 1865] 1828] 1791] 1755] 1719] 1683] 1648] 1613) 10 
11 1977 | 1939] 1901) 1864) 1827| 1791) 1754] 1718} 1683] 1647) 1612] 11 
12 1976! 1935] 1901 | 1863) 1827) 1790| 1754| 1718| 1682} 1647| 1612] 12 
13 1975 | 1938] 1900] 1863({ 1826! 1789| 1753} 1717] 1681} 1646} 16113); 13 
14 1975 1937] 1899! 1862} 1825] 1789] 1752| 1717] 1681) 1645, 1610! 14 
15 1974| 1936] 1899] 1862] 1825| 1788] 1752| 1716] 1680] 1645) 1670; 15 
16 1974} 1936) 1898); 1861] 1824/ 1788] 1751] 1715; 1680} 1644] 1609] 16 
He 1973 | 1935| 1895} 1860] 1823] 1787] 1751] 1715| 1679] 1644] 1609) 17 
18 1972] 1934) 1897] 1560} 1823| 1786] 1750] 1714| 1678) 1643) 1608] 18 
19 1972; 1934| 1896) 1859] 1522] 1786] 1749] 1714} 1678| 1643) 1607] 19 
29 1971) 1933] 1896] 1859} 1822] 1785] 1749) 1713] 1677| 1642! 1607] 20 
21 1970} 1933] 1895] 1858] 1821) 1785) 1748} 1712] 1677| 1641] 1606} 21 
22 1970] 1932} 1894) 1857| 1820] 1784) 1748] 1712] 1676] 1641] 1606] 22 
23 1969| 1931] 1894] 1857] 1820] 1783} 1747] 1711| 1676] 1640] 1605| 23 | 
24 1968! 1931] 1893] 1856] 1619) 1783] 1746] 1711] 1675} 1640] 1605] 24 
25 1968} 1930] 1893} 1855} 1819} 1782) 1746) 1710] 1674] 1639] 1604) 25 
26 1967 | 1929; 1892] 1855] 1818/ 1781] 1745] 1709] 1674] 1638} 1603{ 26 
27 1967 | 1929) 1891] 1854] 1817] 1781] 1745] 1709} 1673] 1638) 1603] 27 
28 1966] 1928] 1891} 1854} 1817] 1780] 1744] 1708] 1673] 1637] 1602] 28 
29 1965 | 1928| 1890) 1853] 1816] 1780] 1743} 1708] 1672] 1637 1602 | 29 
30 1965 |. 1927} 1889] 1852] 1816| 1779! 1743} 1707] 1671! 1636] 1601] 30 
31 1964); 1926] 1889] 1852] 1815 1778 1671] 1635) 1600] 31 
32 1963 | 1926] 1885] 1851] 1814] 1778 1670} 1635] 1600] 32 
33 1663 | 1925] 1888} 1850] 1814] 1777 1670} 1634] 1599} 33 
34 1962] 1924} 1887) 1850; 1813] 1777 1669| 1634| 1599| 34 
35 1962] 1924] 1886] 1849| 1812 1776 | 1668| 1633) 1598; 35 
36 1961] 1923] 1886} 1849} 1812] 1775 1668} 1633] 1598] 36 
37 1960] 1923] 1885| 1848] 1811] 1775 1667 | 1632] 1597| 37 
38 1960 | 1922] 1884| 1847] 1811) 1774 1667| 1631] 1596] 338 
39 1959| 1921] 1884] 1847] 1810] 1774 1666} 1631] 159%; 39 
40 1958} 1921] 1883} 1846] 1809| 1773 1665 | 1630] 1595) 40. 
41 1958{ 1920! 1883] 1846, 1809} 1772 1665| 1630) 1595] 41 
42 1957| 1919] 1882} 1845] 1808) 1772 1664} 1629] 1594) 42 
43 1956| 1919} 1881] 1844] 1808} 1771 1664} 1628] 159% 43 
44 1956] 1918] 1881] 1844] 1807] 1771 1663 | 1628] 1593| 44 
45 1955 | 1918] 1880} 1843} 1806|] 1770 1663 | 1627] 1582} 45 
46 1955| 1917] 1880] 1843} 1806] 1769 1662| 1627) 1592| 46 
47 1954} 1916] 1879} 1842} 1805] 1769 1661; 1626} 1591] 47 
48 1953; 1916] 1878] 1841] 1805] 1768 1661 | 1626] 1591| 48 
49 1953] 1915] 1878] 1841| 1804] 1768 1660} 1625 1590 | 49 
50 1952| 1914} 1877} 1840| 1503| 1767 5| 1660; 1624] 1559, 50 
51 1951| 1914! 1876] 1839 1803] 1766| 1730| 1694] 1659) 1624) 1589] 51 
52 1951} 1913] 1876] 1839 1802] 1766] 1730} 1694] 1658] 1623] 1588) 52 
53 1950| 1913] 1875| 1838! 1802] 1765] 1729] 1693| 1658] 1623| 1588| 53 
54 1950] 1912} 1875] 1838] 1801] 1765| 1728] 1693] 1657| 1622] 1587] 54 
55 1949] 1911} 1874| 1837] 1800| 1764] 1728] 1692] 1657] 1621] 1587] 55 
56 1918] 1911; 1873] 1836] 1800] 1763| 1727] 1692] 1656) 1621] 1586; 56 
57 1948| 1910) 1873] 1836] 1799] 1763] 1727| 1691] 1655] 1620) 1585] 57 
58 1947} 1909} 1872] 1835| 1798| 1762] 1726| 1690| 1655| 1620) 1585] 58 
59 1946] 1909] 1871} 1835} 1798| 1762} 1725; 1690) 1654) 1619} 1584 59 
~ 60 19461 1908! 1871) 1834! 1797) 1761! 1725| 1689] 1654) 16191 1554] 60 


; 20 1572| 1538 
21 1571 | 1537 
22 1571 | 1536 
. 23 1570| 1536 
: 24 1570} 1535 
25 1569| 1535 
26 1569} 1534 
27 1568| 1534 
| 28 | 1567] 1533 
29 | 1567] 1532 
$0 1566! 1532 
31 1566; 1531 
32 1565| 1531 
33 1565 | 1530 
34 15641 1530 
35 1563] 1529 
$6 3563] 1528 
: 37 1562| 1528 
1 48 1562| 1527 
39 1561] 1527 
4) 1561] 1526 
4} 1560} 1526 
42 1559| 1525 
43 1559| 1524 
44 1558] 1524 
45 1558] 1523 
46 1557| 1523 
: 47 1556] 1522 
48 1556| 1522 
49 1555| 1521 
50 1555] 1520 
51 1554| 1520 
52 1554] 1519 
53 1553] 1519 
54 1552| 1518 
55 1552] 1518 
56 1551] 1517 
57 1551] 1516 
58 | 1550] 1516 
59 | 1550] 1515 
60 | 15491 1515 


1503 


TABLE XXXIV. 


PROPORTIONAL UOGARITHMS., 


.)h. m.| bh. m. 


1515} 1481 
1514{ 1480 
1514] 1479 
1513} 1479 
1512} 1478 
1512] 1478 
1511] 1477 
1511} 1477 
1510} 1476 
1510| 1476 


1509 
1508 
1508 
1507 
1507 
1506 
1506 
1505 
1504 
1504 


1474 
1474 
1473 
1473 
1472 
1472 
1471 
1470 
1470 


1503 
1502 
1502 
1501 
1500 
1500 
1499| 1465 
1499| 1465 
1498 | 1464 
1498} 1464 
1497 | 1463 
1496! 1463 
1496] 1462 
1495 | 1465 
1495| 1461 
1494] 1460 
1494| 1460 
1493 | 1459 
1493] 1459 
“1492; 1458 
1491} 1458 
1491] 1457 
1490} 1456 
1490| 1456 
1489| 1455 
1489 
1488 
1487 
1487 
1486 
1486 
1485 
1485 
1484 
1483 | 
1483 
1482 | 
1482 
1481 


1469 
1468 
1468 
1467 
1467 
1466 


1454 
1454 
1453 


1452 
1451 
1451 
1450 
1450 
1419 
1449 
1448 
1447 


1481 1447 


ae 


1475 


1469 


1455 : 


1452 


h. m.| h. 


1436 
1436’ 1402 
1402 
1401 
1401 
1400 
1399 
1399 
1398 
1398 
1397 


1397 

1396 
1396 
1395 
{394 
1394 
1393 
1393 
1392 
1392 
1391 
1391 
1390 
1389 
1389 
1388 
1388 
1387 
1387 
1386 
1386 

1385 
1384 
1384 
1383 
1383 
1382 
1382 

1414| 13581 

1414] 1381 


1413! 1380] 134 


1369 


1435 1368 
1435 
1434 | 
1433 
1433 
1432 
1432 
1431 
1431 
1430 
1429 
1!29 
1428 
1428 
1427 
1427 
1426 
1126 
1425 
1424 
1424 
1423 
1423 
1422 
1422 
1421 
1421 
1420 
1419 


1419 
1418 
1418 
1417 
1417 
1416 
1416 
1415 


1367 
1367 
1366 
1366 


1443 
1442 
1442 
1441 


] 
m.| h. m.| h. 
2° 7122 B29 92°10 2° 11) 2° 12] 2° 13’ 


h. m.| h. m. 
2° 14'| 2° 15’ 
1282} 1249 
1281} 1249 
1281] 1248 
3] 1280] 1248 
1280] 1247 


1365 | 


m.| h. m. 


1336 


1335 
1335 
1334 
1334 
1333 
1333 
1332 
1332] 1299 
1331] 1298 
“1331] 1298 
1339 
1329 
1329 
1328 
1328 
1327 
acd 
1326 
1326 
1325 
1325 
1324 


1323 
1323 
1322 


1292 
1291 
1291 
1290 
1290 
1289 
1289 
1288 
1288 


1322 
1321 
1321 
1320 


1287 
1286 
1285 
1285 
1284 
1284 
1283 
1283 
1282 


“1282 


1292 


1287 


1279| 1247 
1246 
1246 
1245 
1245 
“1244 
1243 
1243 
1242 
1242 
1241 
1241 
1240 
1240 
1239 


1239 
1238 
1238 
1237 
1237 
1236 
1235 
1235 
1234 
1234 
1233 

1233 
1232 
1232 
1231 
1231 
1230 
1230 
1229 
1229 


1227 
1227 
1226 
1226 
1225 
1225 
1224 
1224 
_ 1223 


1222 
1222 
1221 
1221 
1220 
1219 
1219 
1218 
1218 


4 
i 


1265 
1264 
1264 
1263 
1263 


1314) 1282) 1249] 1217 


12231 6 


OCABNIAnRON-! SO] cn 


1225] 4 
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TABLE XXXIV, 225 
PROPORTIONAL LOGARITIIMS. 

h. m.!h. m.j bh. m.}h. m.Jh. m.]h. m.) b. fet he m.! h. sath hel teste m.! h. m. 8. 
2° 16) 2° 17’| 2° 18/29 1912 20] 2° 21'| 2° 22’! 2° 28'| 2° oy) 2° 35" 2 26" a 
~1217| 1186] 1154] 1123] 1091! 1061] 1030] 0999 0969 | 0939] 0909 0 
1217| 1185] 1153] 1122] 1091] 1960] 1029] 0999] 0069; 0429] 0909 1 
1216| 1184] 1153] 1122] 1690] 1060] 1029] 0998] 0968 rae 0908 2 
1216] 1184} 1152] 1121] 1090] 1059] 1028| 0998] 0968] 0935; 0908 3 
1215] 1183] 1152} 1120] 1089] 1058] 1028] 0997] 0967 | 0937] 0907 4 
1215| 1183} 1151] 1120] 1089] 1055] 1027] 0997! 0967| 0°37] 0907 5 
1214| 1182] 1151] 1119] 1088] 1057] 1027] 0996) 0966} 0936] 0906 6 
1214] 1182] 1150] 1119] 1088} 1057] 1026] 0996| 0966} 0936} 0906 7 
1213] 1181] 1150] 1118! 1087] 1056] 1026] 0995] 0965] 0935; 0905 $ 
1213] LISL}| 1149] 1118] 1087] 1056] 1025] 0995] 0965| 0635] 0905 9 
1212] 1180] 1149’ 1117] 1086 5{ 1025| 0994| 0964! 0934| 0904] 10 
1211] 1180} 1148] 1117] 1086 5| 1024] 0994] 0964] 6934] O94] LI 
1211] 1179] 1148] 1116] 1085 1024| 0993] 0963] 0933] e903] 12 
1210] 1179} 1147] 1116] 1085 1023} 0993] 0963] 0933! OL03] 13 
1210| 1178] 1147] 1115] 1084 1023 | 0992] 0962] 0932] 0802] t4 
1209] 1178] 1146] 1115] 1084 1022] 0992] 0962! 0932} 0902] 15 | 
1209) 1177, 1146) 1114] 1083 1022] 0991] 0961; 0931] OO1! 16 
1208; 1177] 1145] 1114| 1083 1021| 0991] 0961] 9931] OVOL} 17 
1208| 1176] 1145) 1113] 1082 1021| 0990! 0960] 0939! 0900] 18 
3207} 1175] 1144] 1113] 1082 1020} 9990! 09409! 0930] 6990! 19 
1207| 1175] 1143] 1112] 1081 1020! 0989] 0959} 0929] Us99}] 20 
1206| 1174] 1143] 1112] 1081 1019| 6989] 0939] 6929; 0899} 21 
1206| 1174] 1142} 1111] 1080 1019} 0988] 095S8| 0828} 0598} 22 
1205| 1173] 1142] 1111] 1080 1018] 0988] 0958] 0928] OS98| 23 
1205 | 1173] 1141] 1110] 1079 1018; 0987] 0957) 6927] 0597! 24 
1204] 1172] 1141] 1110} 1079 1017 | 0987] 0957| 0927] OS97| 25 
1204] 1172] 1140| 1109] 1078 1017 | 0986] 0956] 0926] O896| 26 
1203] 1171| 1140] 1109| 1078 1016| 0986| 0956] 0926| 0596! 27 
1202; 1171] 1139] 1108| 1077 1016 | 0985] 0955| 0925] 0895] 28 
1202| 1170] 1139} 1108] 1076] 1016) 1015] 0985| 0955} 0925] 0895; 29 
1201] 1170] 1138] 1107| 1076] 1045] 1015] 0984| 0954} 0924] 0894] 30 
1201 | 1169] 1138] 1106] 1075| 1045] 1014} 0984] 0954] 0924) G6894| 31 
1200] 1169] 1137] 1106] 1975] 1044] 1014} 0983] 0953] 0923] 0893] 32 
1200| 1168} 1137] 1105] 1074! 10414] 1013} 0983] 0953| 0923] 0893} 33 
1199] 1168] 1136! 1105] 1074] 10143! 1013] 0982] 0952] 0922] Os92| 34 
1199] 1167] 1136] 1104] 1073] 1043] 1012] 0982] 0952] 0922] 0892] 35 
1198} 1167] 1135] 1104} 1073] 1042] 1012] 0981] 0951] 0%21| OS91| 36 
1198] 1166! 1135] 1103| 1072] 1042] 1011] 0981] 0951] 0921/ OS91] 37 
1197] 1165} 1134] 1103] 1072] 1041! 1011] 0980] 0950] 0920} 0890] 38 
1197} 1165} 1134] 1102] 1071] 1011] 1010] 0980} 0950] 0920| Os90! 39 
1196{ 1164} 1133] 1102] 1071] 1040] 1009] 0979} 0919] 0919] OSS9| 40 
1196| 1164] 1132] 1101] 1070] 1040! 1009] 0979] 0949| 0919] O8S9] 41 
1195 | 1163] 1132] 1101] 1070} 1039] 1008] 0978} 0948] 091S| O588| 42 
1195| 116%] 1131] 1100] 1069] 1039] 1008] 0978] 0948] 0918] OSssa8| 43 
1194] 1162] 1131] 1100] 1069] 1038] 1007] 0977] 0947] 0917] 0887] 44 
1193| 1162] 1130] 1099] 1068] 1037| 1007] 0977] 0947| 0917] 0887] 45 
1193| 1161] 1130] 1099] 1068] 1037! 1006! 0976] 0946] 0916] OSS6| 46 
1192] 1161} 1129] 1098! 1067] 1036] 1006] 0976] 0946] 0916! O8s6| 47 
1192] 1160} 1129] 1098] 1067} 1036] 1005] 0975] 0945] 0915} 0885] 48 
1191! 1160] 1128] 1097] 1066] 1035| 1005] 0975} 0945] 0915] 0885] 49 
1191} 1159! 1128; 1097] 1066] 1035] 1004| 0974[ 0944 0884} 50 
1190] 1159| 1127] 1096| 1065] 1034] 1004| 0974] 0944 oss4| 51 
1190} 1158] 1127| 1096] 1065] 1034] 1003| 0973] 0943 0883} 52 
1189] 1158] 1126] 1095] 1064] 1033] 1003] 0973| 0913 683] 53 
1189} 1157] 1126] 1095| 1064] 1033] 1002] 0972] 0942 0883] 54 
1188] 3157} 1125] 1094} 1063] 1032] 1002] 0972] 0942 0S82| 55 
1188| 1156] 1125] 1094] 1063] 1032] 1001] 0971] 0941 0882! 56 
1187| 1156] 1124/ 1093! 1062] 1031} 1001} 0971] 0941 O881| 57 
1187} 1155] 1124] 1002] 1062] 1031] 1000] 0970| 0940 0881} 58 
1186} 1154] 1123} 1092] 1061) 1030] 1000] 0970] 0940 . 0880] 59 

1154! 1123; 1091! 1061! 1030! 0999; 0969] 0939 6900 | 0880| 606 


IF 


—$—$<—$—$—_ OO 


226 TABLE XXXIV. 
PROPORTIONAL LOGARITHMS. 


h. m.J ih. m.jh. m.}h. m.jh. m.| bh. m.} hb. m.| bh. mj h. m.j bh. m.| h. m. 
2° 27'| 2° 28’ 2°: 29'| 2° 30/] 2° 31/| 2° 32'| 2° 33’| 2° 34’| 2° 35" 2° 36'1 2 37’ 
0 0880} 0850 0821. 0792 0763| 0734] 0706] 0678| 0649] 0621| 0594 
1 0879} 0850] 0820] 0791] 0762] 0734] 0705} 0677] 0619} 0621) 0593 
2 0879 | 0849] 0820} 0791] 0762) 0733] 0705] 0677] 0648) 0621 | 05938 
3 0878 | O549} 0819] 0790| 0762] 0735] 0704} 0676] 0645} 0620} 0592 
4 0878} 0848] 0519! 0790| 0761] 0732] 0704] 0676] 06418) 0620) 0592 
5 0877 | 0848} 0818} 0789} 0761] 0732] 0703) 0675| 0647} D619} 0591 
6 
7¢ 
8 
9 


0876) 0847; 0817] 0788| 0760} 0731} 0703} 0674) 0616} 9615] 0591 
0876} 0546) 0817] 0788} 0759] 0730] 0702} 0674] 0646| 0618} 0590 


0875 | 0846] 0816] 0787| 0759) 0730] 0702| 9673| 0645 _0617 | 0590 


10 0875 | 0845] 0816] 0787| 0758] 0730] 0701| 0673 0645| €617| 0559 
11 0874} 0845! 0816] 0787] 0758} 0729] 0701] 0672| 0644) 0616 
12 0874) 0544] 0815| 0786] 0757] 0729] 0700] 0672/ 0644) 0616 
13 0873; O8{4] 0815] 0786) 0757] 0728} 0700| 0671] 0643] 0615 
14 0873 | 0843] 0814} 0785 | 0756] 0728| 0699| 0671) 0643) 0615 
15 nd | 0843 | 0814} 0785) 0756) 0727| 0699; 0670) 0642) 0615 

0872; 0842) 0813} 0784] 0755| 0727| 0698} 0670} 0642! O614 


o876) 0547 | 0818] 0789} 0760; 0731] 0703] 0675) 06147] 0619] 0591 


1 
peat =o 


17 | 0371! 0812! 0813| 0784] 0755] 0726] 0698] 0670| 0641] 0614 

18 | 0871] 0841] 0812] 0783/ 0754] 0726| 0697] 0669] 0641| 0613 13 
19 | 6870] 0841] 0812! 0783| 0754! 0725] 0697} 0669| 0641| 0613 19 
20 | 0870! 6840} 0811| 0782| 0753] 0725| 0696| 0668| 0640} 0612 20 
21 | 0869! 0840; 0811] 0782| 0753] 0724] 0696| 0668] 0640] 0612 21 
22 | 0869! 0839] 0810| 0781] 0752] 0724] 0695| 0667| 0639] 0611 22 
23 | 0868! 0839} 0810| 0781] 0752] 0723] 0695| 0667| 0639! C611 23 


0610 
GG10 


0809| 0780] 0751] 0723| 0695} 0666; 0638 
0809 | 0780; 0751] 0722} 0694} 0666} 0638 


24 0868 | 0838 
25 0867! 0838 


26 0867 | 0837 0609 26 
27 6866 | 0837 | 0808] 0779} 0750] 0721] 0693] 0665) 0637] 0609 27 
28 0866} 0836] 0807 | 0778} 0750| 0721} 0693} 0664} 05236] 6609 28 
29 0865 | 0836] 0807] 0778] 0749] 0721} 0692| 0664; 0636) 0508 au. 
0692] 6663! 6635] 0608] 0580] 30 


0808! 0779) 6751| 0722; 0694] 0665 | 0637 

30 0865 | 0835| 0806! 0777| 0749} 0720 

31 0864 | 0835 | 0806] 0777] 0745] 0720] 0691] 0663) 0635) 0607} 0579) 31 
32 0864} 0834} 0805 | 0776) 0748) 0719) 0691] 0663) 6634} 6607} 0579) 32 
33 0863 | 0834] 0805] 0776] 0747| 0719] 0690| 0662) 0634| 0606) 0579| 33 
34 0863 | 0834| 0804] 0775 | 0747; 0718] 0690] 0662] 0634! 0606) 0578] 34 
35 0862) 0833] 0804); 0775 | 0746) 0718 0575} 35 
36 0562] 0833} 0803| 0774| 0746] 0717| 0689] 0661) 0633) 6605] 0577) 36 
37 O561 | 0832} 0803} 0774| 0745] 0717} 0688} 0660| 0632; 0604) 0577) 37 
33 0561! 0832) 0802) 0774| 0745] 0716| 0688| 0660; 0632) 0604] 0576; 38 . 
39 0860 | 0831! 0802) 0773; 0744] 0716| 0687) 0659| 9631) 0603] 0576] 39 
40 0860] 0831] 0801 0744{ 0715 | 0687] 0659] 0631] 0603/0575] 40 
4] 0559 | 0830| 0801 0743 , O715 , 0686} 0658) 0630; 0602) 0575] 41 


0743 | 0714 
0742; O714 


42 0859 | 0830} 0801 
43 0858 | 0829] 0800 


0686 | 0658} 0630] 0602 


0602 


0574 


0686 | 0657 | 0629 O574 


41 0858} 0829} 0800 0742) 0713] 0685] 0657| 0629} 0601| 0573] 44 
45 0857 | 0828} 0799 0741} 0713} 0685 | 0656) 0628! O601| 0573) 45 
46 0857 | 0828} 0799 0741] 0712) 0684; 0656| 0628| 0600) 0573] 46 
47 0856} 0827} 0798 0600} 0572] 47 


| 
0689| 0661 = 0605 


48 | 0856] 0827] 0798 0740] 0711| 0683| 06551 0627] 0599] 03572| 48 
4% | 0855| 0826] 0797 0740| 0711] 0683] 0655! 0627 | 0599| 0571] 49 
50 | 0855| 0826] 0797 0739| 0711| 0682| 0654| 0626| 0598| 0571| 50 
51 | 0855] 0825| 0796 0739] 0710] 0682| 0651] 0626! 0598] 0570! 651 


0681 | 0653} 0625 | 0597] 0570 
0681] 0653} 0625; 0597} 0569 
0680 | 0652) 0624) 0596] 0569 
0680 | 0652] 0624| 0596) 0568 
0679 | 0651] 0623) 0596] 0568 


52 0854} 0825 | 0796 0738] 0710 
53 0854} 0824] 0795 0738 | 0709 
54 0853 | 0824] 0795! 0766] 0737; 0709 
55 0853 | 0823] 0794| 0765] 0737] 0708 
56 0852} 0823] 0794] 0765) 0736) 0708 
57 0852 | 0822] 0793} 0764] 0736} 0707] 0679) 0651] 0623) 0595| 0568 
58 0851| 0822] 0793] 0764] 0735] 0707| 0678] 0650! 0622| 0595| 0567 
59 0851 | 0821] 0792) 0763} 0735| 0706! 0678) 0650) 0622!) 0594| 0567 


60 | 0850! 0521! 0792! 0763! 07341 0706! 0678) 0649 0591] 0566 


0740] 0712| 6684] 0655| 0628 


ST 


TABLE XXXIV. 227 
PROPORTIONAL LOGARITHMS. 

8. 8. 
# 12° 38"| 2° 39’| 2° 40/| 2° 41'| 2° 42'| 2° 43’ 11 2° 46’ - 
0 0566] 0539] 0512) 0484] 0458] 0431 i 0378] 0352} 0326) 0300 0 
1 0566] 0538} 0511] 0184] 0457] 0130 0377 | 0351} 0325} 0209 ] 
2 0565 | 0538] 0511] 0484] 0457] 04130 0377 | 0351) 0325] 0299 2 
3 0565 | 0537] 0510] 0483] 0456] 0430 0377 | 0350] 0324] 0295 o 
4 0564} 0537] 0510] 0483] 0456} 0429 0376} 0350} 0324] 0298 4 
5 0564! 0536] 0509] 0482] 0455] 04129 0376| 0349] 0323] 0207 5 
6 0563 | 0536] 0509] 0482) 8455) 0428 0375 | 0319] 0323] 0297 6 
vf 0563 | 0536] 0508] 0481! 0454] 04128 0375 | 0349) 0323) 0297 7 
8 0562] 0535] 0508] 0481] 0454| 0127 0374} 0318) 0322] 0296 8 
9 0562] 0535] 0507] 0480] 0454] 04127 0374| 0348} 0322] 0296 9 
0507 | 0480] 0453 0347 | 0321 295 10 

0507} 0480} 0453 0347 | 0321) 0295 11 

0506} 0479| 0452 0346 | 0320] 0294 12 

0506] 0479} 0452 0346 0204 13 

0505| 0478| 0451 0204 14 

15 0559] 0532) 0505] 0478]! 0451 0293 15 
16 0559} 0531) 0504] 04177] 0450 0203 16 
17 0558; 0531] 0504} 0477; 0450 + 0292 17 


18 0558| 0531 
19 0557 | 0530 
20 0557 {| 0530 
2) 0557 | 0529 
22 0556| 0529 
0556| 0528 


0318} G292| 18 
0317| 0291 19 
0317] 0291] 20 
0316] 0291] 21 
0316} 0290} 22 
0316| 0290} 23 


0503| 0476] 0450 
0503} 0476] 0449 
0502| 0475 | 0449 
0502} 0475| 0448 
0502| 04751 0448 
0501| 0474| 0447 


0555| 0528] 0501] 0474| 0447 0315| 0289! 24 
0555| 0527] 0500; 0473] 0446 0315| 0289] 25 
0554| 0527] 0500] 0473] 0446 0314| 0288) 26 
0554] 0526] 0499! 0472! 0446 0314] 0288} 27 


0553 | 0526] 0499} 0472) 0415 0313]; 0288} 28 
0553} 0526| 0498] 0471) 0445 0313} 0287] 29 


SS ee ee ee eee ee 


0498] 0471] O444 0313| 0287) 30 
0498] 0471| 0444 0312} 0286) 31 
0497 | 0470] 04143 0312] 0286] 32 
0497] 0470| 0443 O3i1l| 0285) 33 
0496} 0469| 04412 O311] 0285; 34 
0496 | 04169| 0442 0310] 0255; 35 
0495 | 0468 | 0442 0310) 0284] 36 
0495 | 0468] 0441 0310) 0284) 37 
0494) 0467] 0441 0309| 0283; 38 
0494| 0467} 0140 0309} 0283; 39 


0493 | 0167} 0440 0308| 0282} 40 
0493 |} 0466| 0439 0308] 0282; 41 
0193 | 0466) 0439 0307! 0282} 42 
0492 | 0165] 0438 0307| 0251) 43 
0492} 0165] 0438 0307| 0281; 44 
0191} 0464] 0438 0306| 0280} 45 
0491} 0464] 0437 0306| 0280} 46 
0490} 0463} 0437 0305] 0279| 47 
48 0544} 0517| 0490} 0163] 0436 


0305} 0279] 48 
49 0544! 0517) 0489] 0462] 0436 0304| 0279] 49 


50 0543 | 0516) 0489} 0462] 0435 0304} 0278; 50 
S 0543] 0516] 0489) 0462) 0435 0304} 0278] 51 
52 0542} 0515] 0488] 0461] 0434 0303] 0277} 52 
53 0542} 0515] 0486] 0461] 0434 0303} 0277] 53 
54 0541) 0514] 0487] 0460] 04134 0302! 6276} 54 
55 0541] 0514} 0187] 0460| 0433 0302) 0276] 55 


0552) 0525 
0552] 0525 
32 | 0552) 0524 
33 0551) 0524 
34 0551} 0523 
35 0550| 0523 
36 0550} 0522 
37 0519} 0522 
38 0549) 0521 
39 0548 | 0521 
40 0548 | 0521 
4} 0547 | 0520 
42 0547 | 0520 
43 0546) 0519 
44 0546) 0519 
45 0546) 0518 
46 0545} 0518 
47 0545 | 0517 


10 0562 | 0534 

11 0561] 0534 

12 0561] 0533 

13 0560] 0533 

14 0560] 0532 
! 


56 0541 | 0513) 0486) 0459] 0433 0301| 0276| 56 
57 0540| 0513] 0486] 0459} 0432 0301 | 0275] 57 
58 0540} 0512] 0485} 0458] 0132 0300| 0275] 58 
59 0539} 0512} 0185] 0158} 0431 0326 | 0300| 0274] 59 


60 0539! 0512! 0484! 0458) 0431 03261 0300! 0274| 60 


PROPORTIONAL 


TABLE XXXIV. 


LOGARITHMS, 


= h. 


{ 

s. |h. mJ h. mh. m.|h. m.| h. m.} h. m.} h. m. h. m.} h. m.j h. m, 8. 

# 12° 49’| 2° 50’| 2° 5111 2° 52472 | 53’| 29 54'| 29 55"| 2° 56] 2° 57’| 295812 59’ “se 
0274! 0248} 0223] 0197] 0172] 0147] 0122) 0098} 0073} 0049; 0024 0 
0273| 0218} 0222] 0197] 0172) 0147] 0122] 0097] 0073) 00418) 0024 1 
0273| 0247) 0222] 0197] 0171] 0146] 0122] 0097] 0072] 0048) 0023 2 
0273) 0217] 0221] 0196] 0171] 0146] 0121} 0096] 0072) 0047) 0023 3 
0272] 0247] 0221, 0196] 0171} 0146] 0121] 0096] 0071) 0047) 0023 4 
0272) 0246} 0221] 0195] 0170] 0145] 0120! 0096] 0071] 9046) 0022 5 
0271| 0246} 0220} 0195| 0170) 0145] 0120] OOS5| 9071) 0046) 0022 6 
0271) 0245; 0220] 0194] 0169] 0144] 0119; 0095] 9970} 0046| 9021 7 / 
0270; 0245} 0219] 0194} 0169} 0144] 0119) 0094] 0070) 0045] 0021 8 
0270{ 0244] 0219] 0194] 0169} 0143} 0119) 0094} 0069] 0045; 0621 9 | 

| 0270} 0244] 0219! 0193] 0168} 0143] 0118] 0093} 0069} 0044] 0020 10 | 
0269} 0244} 0218! 0193] 0168; 0143; 0118] 0093] 0068] 00414; 0020 ll ; 
0269] 6243] 0218} 0192] 0167) 0142}] 0117} 0093] 0068} 0044] 0019 12 
0268 | 0243] 0217) 0192} 0167) 0142] 0117} 0092] 0068| 0043] 0019 13 
0265; 0242} 0217! 0192] 0166] 0141] 0117] 0092] 0067} 0043| 0019 14 
0267 | 0212) 0216) O191L] 0166] 0141] 0116} 0091} 0067); 0042} 0018 15 
0267 | 0241) 0216; 0191] 0166} 0141] 0116] 0091] 0066)} 0042); 0018 16 
0267 | 0241} 0216] 0190] 0165] 0140] 0115] 0091] 0066] 0042! 0017 17 
0266, O24L{ 6215) 0190] 0165] 0149] 0115] 0090) 0066) 0041] 0017 18 
0266) 0240] 0215! 0189] 0164; 0139] 0114} 0090; 0065} 0041) OO1L7 19 
0265 | 0210} 0214 0189} 0164} 0139] 0114] 0089} 0065} 0040] 0016 20 
0265 | 0239! 0214] 0189] 0163] 6139] 0114] 0089; 0064) 0040) 0016 21 
0261} 62239; 0213] 0188! 0163] 0138] 0113} 0089] 0064} 80410] 0015 22 
0264! 0238} 0213] 0188; 0163) 0138) 0113] 0088] 0064; 0039; 0015 23 
0264] 0238! 0213! 0187| 0162} 0137] 0112) 0088] 0063]. 0039] 0015 24 
0263! 0238} 0212! 0187] 0162] 0137) 0112, 0087] 0063] 0038] 0014 25 
0263; 0237] 0212) 0187] 0161]! 0136] 0112] 0087] 0062} 0038] 0014 26 
0262! 0237| 0211] 0186] 0161] 0136] 0111] 0087] 0062; 0038)| 0013 27 
0262] 0236] 0211) 0186] 0161 | 0136] 0111] 0086| 0062) 0037] 0013 28 
0261 |} 0236| 0211! 0185} 0160} 0135); 0110] 0086] 0061 | 0037; 0012' 29 
“0261 0235 “0210 “0185. 0160} 0135] 0110’ 0085| 0061] 0036] 0012 30 
0261 | 0235] 0210; 0184} 0159} 0134] 0110] 0085} 0060; 0036! 0012) 31 
0260} 0235] 0209] 0184] 0159] 0134] 0109] 0084] 0060] 0036] 0011 32 
0260] 02314] 0209] 0184] 0158] 0134] 0109] 0084] 0060! 0035) 0011 33 
0259] 0234! 0208] 0183] 0158] 0133] 0108] 0084] 0059} 0035) 0010 34 
0259 6233 | 0208; 0183 i 0083! 0059] 0034] 0010] 35 
0258 0233 | 0208] 0182 0083 | 0058) 0034} 0010 36 
0258 0233 | 0207} 0182 0082} 0058 | 0034! 0009 37 
0258! 0232) 0207] 0181 0082) 0057) 0033; 0009; 38 
0257 | 0232) 0206) 0181 0082} 0057 | 0033} 0008 39 
0257 | 0231] 0206] 0181 0081 | 0057 | 0032); 0008 40 
0256| 0231] 0205} 0180 0081} 0056; 0032) 0008S! 41 
0256] 0230} 0205] 0180 0080} 0056} 0031] 0007 42 
0255 | 0230] 0205] 0179 0080} 0055 | 0031) 0007 43 
0255] 0230] 0204] 0179 0080} 0055} 0031} 0006 44 
0255 | 0229] 0204] 0179 0079} 0055 | 0030] 0006; 45 
C254] 6229| 0203; 0178 0079| 0054] 0030; 0006} 46 
0254] 0228) 0203) 0175 0078) 0054] 0029] 0005 47 
0253 | 0228| 0202] 0177 0078} 0053) 0029} 0005 48 
6253) 0227| 0202! 0177 0077 | 0053] 0029} 0004} 49 
0252| 0227) 0202] Gi76 0077 | 0053] 0028) 0004] 50 
0252| 0227); 6201] 0176 0077 | 0052] 0028} 0004) 51 
0252| 0226) 0201) 0176 0076; 0052 | 0027) 0003} 52 
0251] 0226] 0200] 0175 0076} 0051 | 0027] 0003] 53 
0251) 0225) 0200| 0175 0075} 0051] 0027); 0002} 54 
0250] 0225] 0200| 0174 0075 | 0051 | 0026} O002| 55 
0250| 0224] 0199] 0174 0075 | 0050] 0026) 0002) 56 
0250| 0224] 0199] 0174 0074} 0050); 0025) 0001 57 
0249| 0224] 0198} 0173 0074} 00419} 0025) OOOL 58 
0249} 0223) 0198] 0173 0073} 0049; 0025) 0000} 59 
02481 0223' 0197| 0172 00731 0049| 0024! 0000| 60 


oe ES a + 


TABLE XXXV. 229 


To correct the Apparent Distance of the Moon from the SUN, aStar, &c.: 
for the Effects of Parallax and Refraction. 


Par. in : APPARENT DISTANCE. 


Alt. or 
° Slee Re—r—— ee 
Dist. 10° |1 6° | 12° ]13°J14° [15° | 16°} 172] L8° [19 |202 [2 19 [22° [23° (24° | 25° [26° 127° |28 (29° 130° 


—_—-—————_} —___ 


4 4 “ 


S 
= 
> 
= 


VERUPS Weekes hot piso, OLetl OL OL Ol 30 O 
ol a] 2 foi ae ah Wo dou a al al 4a 4 
4} 3] 3 3} 3! sf af af 2f of af af af af af 2 2 
BI 44 3} 3} sf 3| 3/3] af of «| of 2} af 2] 2 
5] 5] 5 4) 4} a} 3l 3) af sf sf af af af af et 9) 
6 ul 6 s| s| al at af 4] af sl al af 3f 3f al 3 
“| 7 6 el sf 5| 5| 4) 4} al al 4] af 3} sf al 3! 
og 8] 7 Gtr 6h eB ehh Ble St fabeal: cath eal as 3) 
iol] 9/8 1] eK ee ee 
11110] 9 s} st 7| zi zi a 6 6 st 6| sf sl sl 4 
121 111 11 10f 9! 9f 8} s| 7} o7}so7ztso6 oc Gt Gl Ul 65 65 
14) 13/ 12} 11 10; 10 9} of sf 8| 7]oato7so6 66 Uo U6 ls 
| 15] 14! 13] 12] 11/11] rol to} of 9f 8} sl 7] zl 7s 7 6 6 
17| 15| 14) 13] 13 o| si sl sl 7) al 
1s} 17| 16] 15] 14 9} of s| sl sl 7 
201 1yl i7] 16a] 15 10 of of of sf 8 
16 10] 10 9| 9] 9 


———— | ——_—_ | ——— | —_j —_ | —_|- 


35| 33] : : ti] 25 23} 22) 21] 20] 19! 19 
3 23} 22] 21} 20! 29 
24| 23] 22] 22} 21 


——_—$ | ——_ | — — -, ——__ | —___|- ——- | ——_ J -_--—__ | ___ ff |] J - J J | J 


LOy| 99 83] 77| 72) 67) 63 
48 |114/103] 94] 87} 81] 75) 70] 66 
49 |1L19}1L08} 98) 91] 84) 78) 73) 68 
50 {124)112}/103} 94} 87) 81) 76} 71 
51 {128]117}107] 98) 91] 85} 79) 74 
95} 85) 82) 77 

98) 91] 85) 80 

95} 89} 83 


55 |149]136]124,114/106} 98} 92 


56 |155/141/129)118)110)102) 95) 89 
57 |160/146)133)123)/114/ 106) 99) 93 
58 |166)151/138)127/118/109}102) 96 
59 |172)156/143)1311122|113)106) 99 
60 = |178/161/148/136/126)117}109/103 


| a ee 
RR a RT TL a TATE RR A A Rn i I a A 


ee 
230 TABLE XXXV. 


To correct the Apparent Distance of the Moon from the SUN, aSrar, &c. 
for the iAects of Parallax and Refraction. 


Par. in APPARENT DISTANCE. 
Alt. or 


Dist. 34° [32° [33° |3 4° 36° 
ener 7 ey u ; 


NS SS ee eee ee 


” ” a“ Mu “ Mu “ " “" 


M a“ au “ hi 


| 
H 


5 ol o| o| of of of of of of of} of of of of} of of of of of of o 

8 Val al pal eal cal pabead sala gat ou 2a) al) eal Eee ee ee 

10 ab eal cal ead catch ad da a Gat eal ea aa 
11 2 vl 2} ofl cdl cal ual ail ad] dl )4f ad feadd el] sealed eek eee 
12 a} vf 2] 2| zi af 2} of zi al al oa} uo oa} a aoa oy nog 
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Versed eg Suvers. | Versed fe Suvers. || Versed | 1 Suvevs. || Versed | fOr | Suvers, f, 
0 |092436| 0 |1.997564|\003805| 0 |1.996195]1605478| 0 11.994522 1007454! 0 11.992546! Go_ 
1 | 02456) 0} 97544|| 03831] 0] 96169] 05509| 1 | 94491/| O7489! 1] 925111 59 
2 | 02477; 1] 97523/| 03856; 1 | 96144] 05539! 1 | 94461]! 07525} 1] 92475] 58 
3 | 02497) 1 | 97503)| 03882} 1] 96118), 05570! 2| 94430]| 07561] 2| 92439] 57 
4 | 02518) 1 97482\| 03907| 2 96093|| 05600! 2 94400/| 07596} 2] 92404 36 | 
5 | 02538} 2| 97462!| 03933} 2] 96067|| 05631| 3 | 94369|| 07632 31] 92368] 55 
6 | 02559 2] 97441]! 03959] 3 96041 05662) 3 | 9433S]] 07668) 4 | 92332) 54 
7 | 02580} 3] 97420|| 03985] 3] 96015!\ 05693] 4] 94307]| 077041 41 92296! 53 
8 | 02601! 3] 97399]| 04011} 3] 959891] 05724 41 94276]! 07740] 5 | 92260! 52 
9 | 02622} 3] 97378|| 04037/ 4] 95963]| 05755! 5 | 94245] 07776 6 | 92204! 51 
10 | 02643} 4 | 97357|| 04063) 4 | 95937]| 05786} 5 | 94214|| 07813) 6 | 92187] 50 
11 |002664| 4 |1.997336/004089} 5 |1.995911|}005SI8| 6 |1-994182]/007849| 7 [1.992151] 49 
12 | 02685] 41] 97315]! 04116} 5 | 95884]| 058491 6 | 94151]| 07885! 7] 92115] 48 
13 | 02707} 5 | 97293]| 04142] 6 | 95858SI| 05880] 7] 94120! 07922) 8 | 92078] 47 
14 | 02728] 5]! 97272!| 04168} 6 | 95832/| 05912] 7 | -94088/| 07958} 9 | 920491 46 
15 | 02750} 5 | 97250]| 04195] 7 | 95805|| 05944] 8 | 94056]! 07995! 9 | 92005] 45 
16 | 02771; 6 | 97229]! 04222] 71 95778]| 05975} 8 | 94025]] OS032/ 10! 9196s] 44 
17 | 02793} 6 | 97207/| 04248! 7 | 95752|| 06007} 9 | 939931] OSo69! 10 | 91931) 43 
18 | 02815] 6 | 97185!| 04275] 8 | 95725]] 06039] 91! 93961]] OS106! 11 | 91894] 42 
19 | 02837| 71] 97163]! 04302| 8 | 95698|| 06071] 10 | 93929] 68143) 12 | 91857] 41 
20 | 02859} 7 | 97141] 04329] 9 | 95671} 06103] 10 | _93897/| 08180] 12 | 91820] 40 
21 |002881|} 7 |1.997119||004356) 9 |1-995644]'006135| 11 |1.993865||008217| 13 |1.991753] 39 
22 | 02903} 8 | 97097]] 04383] 70 11 | 93833!| 08254] 13 | 91746] 38 
23 | 02925} 8 | 97075/| 04411 12 | 93800]} 08291] 14 | 91709! 37 
24 | 029471 8 | 97053/| 04438 13 | 9376s\| 08329] 15 | 91671, 36 
25 | 029701 9 | 97030|| 04465 13 | 93736|| 08366] 15 | 91634! 35 
26 | 02992| 9.) 97008|| 04493 14} 93703]| 08104) 16 | 91596) 34 | 
27 | 03015} 10 | 96985 14 | 93670]) 08442] 17 | 91558) 33 
28 | 03037; 10 | 96963 15 | 93638/| 08479] 17 | 91521) 32 | 
29 | 03060/ 11 | 96940 15 | 93605]| 68517| 18 | 91483; 31 
_30 | 03083) 11} 96917 16} 93572|| 08555! 19 | 91445] 30 
31 |003105| 12 |1-996895 17 |1-993530|008593| 20 |1.991497! 29 
32 | 031281 13 | 96872 18 | 93506|) 08631] 21 | 91369) 28 
33 | 03151/ 13 | 96849 19 | 934731] Os669] 22 | 91331) 27 
34 | 03175] 14 | 96825 19 | 93440} 08708] 22 | 912921 26 
35 | 031981 14 | 96802 95256 20 | 93406]| 08746] 23. | 912541 25 
36 | 03221) 15 | 96779 95227 21] 93373) 08784! 24 | 91216] 24 
37 | 03244) 15! 96756 95199 21 | 93339)| 68823) 24 |° 91177] 23 
38 | 03268| 16) 96732 95171 22} 93306! O8s62] 25 | 91138) 22 
39 | 032911 16) 96709 95142 31 22 | 932721; 08990| 26 | 91190) 21 
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48 | 03507] 20 | 96493 28 | 92966]| 09252) 32 | 90748] 12 
49 | 03531] 20 | 96469 28 | 92931|| 09292] 32 | 90708] LL 
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53 | 03630! 22 96370 30 92792|| 09451} 35 90549) 7 
54 | 03655] 22 | 9634: 31 | 92757|| 09490] 36 | 90510) 6 
55 | 08680) 22 96320 31 92722'| 09531) 36 90469, 5 
56 | 03705| 23 96295 32 92687|| 09571) 37 904291 4 
57 | 03730] 23 | 96270 32 | 92652|| 09611] 38 | 90389] 3 
58 | 03755| 24) 96245 33.| 92617\| 09651] 38 | 99349] 2 jf 
59 | 03780| 24] 96220 34 | 92582! 00691] 39 | 90309! 1 
60 1003805] 24 |1-9961951/905478 34 1.992546 009732) 39 |1.990268| 0 
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010182} 8 |1-989818 012817} 9 |1-987183) 015753 -051247/ 018988) 10 |T-981012 
10224) 8 | 89776] 12364] 10 | 87136)| 15804 || 19045) 11 | 80955 
10265] 9+ 89735] 12910! 11 | 87090)|| 15856 4|| 19101] 12 | 80899 
10307| 10 | 89693] 12957] 12 | 87043!| 15908 2\| 19158} 13 | 80842 
10349} 10 | 89651} 13004] 12 | 86996), 15959 | 19215, 14 | 80785 
10390} 11 | 89610] 13°50] 13 | 86950)) 16011 19271) 15 | 80729 
10.432) 12 | 89568} 13097) 13 | 86903], 16063 83937|| 19325] 16 | 80672 
10474] 12 | 89526] 13144] 14 | 86856!) 16115 83885! 19385] 17 | 80615 
10516] 13 | 80454] 13191] 15 | $6809!) 16167 83833|| 19442! 18 | 80558 
10558} 14 | $9442; 13238] 15 |__&676z/| 16219 §3781|| 194991 19 | 80501 
OLOGOI| 14 {1.980399 013286] 16 |1-986714)|016271| 18 |1-953720| 019557| 20 |1.980443 
! 106431 15 | $9357] 13343] 17 | 86667'| 16324 83676] 19614] 21 | 80386 
10685} 16 | $9315] 13380} 18 | 86620) 16376 83624|| 19671] 22 | 80329 
10728| 17 | 89272} 13428] 19 | 86572'| 164258 §3572|| 19729] 23 | 80271 
10770} 17 | 89230} 13475] 19 | 96525]| 16481 83519|| 19786, 24 | 80214) : 
10813} 18 | 89187] 13523) 20 | 86477|| 16534] 2: 83166]| 19844) 25 | 80156 
10855] 19 | 89145| 12571] 21 | 86429)| 16586] 23 | 83414] 19902} 26 | 80098 
10805] 19 | R@t92') 13618] 22 | 86382/] 16639 83361|| 19959] 27 | 80041 
10941] 20 | 89059 13666] 23 | 86334) 16692] 2 83308|!~20017| 28 | 79983} : 
10984] 21 | 89016] 13714) 24 |__ 862861] 16745] 26 | 83255/| 20075| 29 } 79925 
011027] 22 [1 988073 013762] 25 |1-956238) 016798| 27 |1-983202| 620133 30 _,1-079867) 
11070] 23 | 88930| 13511] 26 | 86189)) 16551 83149} 20191] 31 | 79809 
| 11113) 24 | 88887)| 1385 86141; 16904 §3096|| 20250] 32 | 79750) 3 
3 11157] 25 | 88843, 86093] 16958 $3042]; 20308 33 | 79692] 26 


11200) 26 88800. §6045|| 17011 $2989] 20366, 34 | 79634 
11244) 26 | 88756: 85996|| 17065] 3: $2935 79575 
11287! 27 88713! 14052} 31 | 85943]| 17115 82882 3: T9517 
11331! 28 | 88669] 14101) 32 | 85899) 17172 $2528 79458} 2: 
11374] 28 | 88626 14150) 33 | 85850)! 17226 82774 79399 
11418] 29 | 88582] 141991 33 | __85801|| 17279 82721)| 79341} 20° 
011462) 30 |1-988538||014248| 34 |1-985752 017333] 37 11-982667| 020718] 40 |1.979282 

11506} 31 14296) 35 85704|| 17387 $2613 79223 

11550 50, 143461 35 | 85654 82559 ; 79164 

11514 $406!| 14395] 361 85605 82505 

11638 3362|| 14444] 37 85556) 175 82450 

11683 ‘ 14493| 38 85507 82396 

11727 3273|| 145431 39 = 85457 358] 82342 

11772 3228]| 14592| 40 85408 82287 

11816] 36 381841 14042] 41 1 85358 82233 

11861] 3° 85139) 14691} 42 | 853091) 17822 S2178 


611905) 38 |1-988095|,014741| 42 |1-985259] 017877 

11950 §8050|| 14791| 43 | 85209|| 17931 $2069]| 21371 
11995 88005|| 14841} 44 f 36 $2014!| 21431 
12040 §7960}| 14891} 45 . 81959)| 21491] : 
12085 87915'| 14941] 45 - j 81904|| 21551 
12130 87870| 14991] 46 | 85009]) 18151 81849|' 21611 
12175 87825|| 15041) 47 | 84959) 18207 81793] 21671] : 
12221| 43 e779 15091] 48 | 84909]| 18262 $1738)! 217321 : 
12266! 44 | 87734]! 151421 49 | 84858]! 18317 
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pers oe | V: aeed. “|| Savers. ioe Versed. Suvers.| for Versed. | Suvers. - Versed. 


aoe Sige 
171° | 0 


Vers. Versed 


21913 
21973 
22034 
22095 
22156 
22217 
22278 
22339 
22400 
22461 


0 
1 
2 
3 
4 
5 
6 
7 
8 


TABLE XXXVI. 


Natural Versed and Suversed Sines. 


a 


Parts! 
ped Suvers. 


+ siasa a 0 1.978148 
78087|| 


78026 
77966 
77905 
T7844 
77783 
FOU OX 
T7661 
77600 
77539 


ADNAN WH — 


9 


26090 
26156 
26222 
26288 


1 |022523! 11 |1-977477 026355 


22584! 
22616 
22707 
22769 
22831 
22892 
22954 
23016 
_20 | 23078 
023141 
23203 
23265 
23328 


023767 
23830 
23893 
23956 
24020 
24083 
24147 
24210 
24274 

4G | 24338 

024401 
24465 
24529 
24593 
24658 
24722 
24786 
24851 
24915 

_50 | 24980 

025044 

. | 25109 
25174 
25239 
25304 
25369 
25434 
25.499 
25564 
ee" 


, | Suvers. 


77416 
77354 
77293 
77231 
77169 
7710 

77046 
19 76984 
20 76922 


12 
13 
14 
15 
16 
17 
18 


(025630 


135 
14 
15 
16 


1H 


18 
19 
20 
21 
22 


722 iI. 976859 
23 
24 
25 
26 
27. 
28 
29 
30 
31 


32 
33 
35 
36 
37 
38 
39 
40 
41 
42 


27292 
27359 
27427 
27494 
27502 
27630 


24 


27766) : 
27834) : 


27902 
27971 
28039 
28107 
28176 


28245} ¢ 


28313 


44 
45 
46 
47 
49 
50 
51 
52 
53 
54 {1.974956 
59 74891 
56 74826 
57 TA761 
38 74696 
59 74631 
60 74566 
61 74501 
62 744136 
64 |1.974370 


for 


028382] 47_ 


28451 
28520 
25589 


28658} : 


28727 
28796 
28866 
28935 
29005 
029074 
29144 
29214 
29283 
29353 
29423 
29493 
29564 
29634 
029704 


1.974370 
74305 
74239 
T4173 
74108 
74042 
73976 
73910 
73844 
73778 
73712 


1.973645 


73979 
73512 
73446 
73379 


73313), 


73246 
73179 
73112 
73045 
1.972978 
72911 
72843 
72776 
72708 
72641 
72573 
72506 
72438 
72370 


029704) 07 


29775 
29845 
29916 
29986 
30057 
30128 
30199 
30270 
30341 
30412 


030483) _ 


30555 
30626 
30697 
30769 
30841 
30912 
30984 
31056 
31128 


031200 


31272 
31344 
31417 
31489 
31562 
31634 
31707 
31780 
31852 


0 
1 
2 
3 
5 
6 
7 
8 
9 
10 
12 


135 


14 
15 
16 
18 
19 
20 
21 
22 
24 


25 


26 
27 
28 
30 
31 
32 
33 
34 
36 


b his @ his: 
1.970296 |034074| 0- 
70225'| 34149 
70155'| 34225 
70084'| 34300 
70014|| 34376 
69943}| 34452 
69872]| 34527 
69801|| 34603 
69730|| 34679 
69659] 31755 
G69585]| 34831 
1.969517||034907 
69445|| 34983 
69374]| 35060 
69302|| 35136 
69231|! 35213 
69159]| 35289 
69088]| 35366 
69016]| 35443 
68944]| 35519 
68872]| 35596 
1.968800||/035673 
68728|| 35750 
68656|| 35827 
68583]} 35905 
685111 35982 
68435|| 36059 
68366|| 36137 
68293]| 36214] : 
68220|| 36292 
68148] 36369] 38 


1.972302) 


72234 
72166 
72098 
72029 
T1961 
71893 
71824 


T1755}; 


031925 


71687|| 325 


oR raroa38 


G9 |1.970296 03407: ‘ +i 1.965925, vtthi, 


70856 

70786 
T0717 
T0647 
70577 
70507 
704136 
70366 


37 


50 


2732) 52 


53 
54 
55 


3| OT 


33849 
33924 
33999 


58 
59 
60 
62 


63 


68 
69 
70 
72 
73 


Parts Parts 
Versed. || Suvers. | Versed. Suvers. : — 


1.968075||036447| 40_ 
68002!| 36525 
67929|| 36603 
67856|| 36681 
67783]| 3675¢ 
67709|| 36837 
67636|| 36916 
67562|| 36994 
67489|| 37072 
67415|| 37151 

1.96734 2||037230 
672681) 37308] 55 
67194|| 37387 
67120]| 37466 
67046|| 37545 
66972)| 37624 
66898]| 37703 
66823|| 37782 
66749)| 37861 
66675; 37941} 

1.9666001!038020 
66526|| 38099 
66451|| 38179 
66376|| 38259 
66301)! 38338 
66226|| 38418 
66151|| 38498 
66076) 38578 
66901] 38658 

79 


| ian 


Versed. || Suvers. = 


1.965926 
65850 
65775 
65700 
65624 
65548 
45473 
65397 
65321 
65245 
65169 


1.965093 


65016 
64940 
64864 


60 | 


59 
58 
57 
56 
Ys) 
54 
53 
52 
51 
50 


49° 


48 
47 
46 


1.961262 


Versed. 


TABLE XXXVI. 


Natural Versed and Suversed Sines. 


ip | Ne 19° 
SIGE e Ro | SRS an ee ee ” 
\Parta| Parts Parts ; \Parts al 
Vers.) Vorsed | i Savers. || Verse’ for Suvers. || Versed for Suvers. || Versed fis Suvers. ~ 


—_———_—_- —_ ——. —-— 


1.951057 054481} 0 oss 60 


0 038738] 0 |1.96126211043695| 0 |1.956305'/048943] 0 

1| 38518} 1 61182]} 43780| 1 56220! 49033} 2 50967|} 54576) 2 45424! 59 
2' 3ssos| 3 61101}, 43865| 3 56135|| 49123} 3 | 50877|| 54671] 3 45329) 58 
3 38979] 4 61021|| 43951] 4 56049'| 49213! 5 50787|| 54766 5 | 45234| 57 
4 | 39060) 5 60940]| 44036] 6 55964! 49304] 6) 506964 54861) G{ 45139) 96 
5 | 39140| 7 | 60860'| 44121] 7 55879'| 49394] 8 | 50606) 54956. 8 | 45044) 55 
6 | 392211 8 | 60779|| 44207 55793. 49484 505164 550511 10 | 44949} 54 
7 | 393021 91 6069S!| 44293 50425 55146| 11 44854) 53 


55707|| 49575 
8 | 39382} 11 | 60618|| 44378 
9 | 39463] 12 | 60537|| 44464 
10 | 39544) 14 | 60456|| 44550 
i| 11 [039625] 15 |1.960375||044636 
12 | 39706; 16 | 60294]} 44722 
13 | 39787] 18 | 60213)! 44808 | 
14 | 30869] 19 | 60131] 44894] 20 | 55106} 50210! 21 $790|| 55815] 22 44185 46 
15 | 39950} 20 | 60050|| 44¥80} 22 | 55020) 50301) 23 | 49699]| 55911} 24 | 44089) 45 
16 | 40032) 22 | 59968/| 45066] 23 | 54934) 50392] 24 | 49608] 56007| 26 | 43993) 44 
17 | 40113) 23 | 59887} 45153} 24 | 54847)| 50483) 26 | 49517|| 56103! 27 |- 43897| 43 
18 | 40195] 24 | 59805|| 45239] 26 | 54761)| 50574] 27 | 49426|| 56199) 29 | 43801; 42 
19 | 40276] 26 | 59724] 45326] 27 | 54674/| 50666) 29 | 49334] 56295) 30 | 43705) 41 
20 | 40358} 27 | 59642) 45412] 29 | 54588) 50757] 30 | 49243) 56391) 32 | 43609) 40_ 
21 (040440] 28 |1-959560)/045 .99] 30 |1.954501/050849| 32 |1.949151)/056488) 34 1.913512) 39 
22 | 40522) 30 | 59478), 45586) 32. | 54414) 50940} 33 | 49060)| 56584) 35 | 43416) 38 
23 | 40604) 31 59396)| 45673) 33 | 54327) 51032) 35 | 48968)| 56681) 37 | 43319 37 
24 | 40886] 32 | 59314)| 45760) 35 | 54240) 51124) 36 | 48876]| 56777) 38 | 43223) 36 
25 | 40768| 34 | 59232|' 45847] 36 | 54153] 51216] 38 | 48784|| 56874] 40 | 43126] 35 
26 | 40850] 35 | 59150|| 45934] 37 | 54066| 51308| 39 | 48692/| 56971| 42 | 43029] 34 
27 | 40933] 36 | 59067]; 46021| 39 | 53979] 51400] 41 | 48600] 57068) 43 | 42932) 33 
28 | 41015] 38 | 58985) 46108| 40 | 53892] 51492} 42 | 48508|| 57164) 45 | 42836) 32 
29 | 41098] 39 | 58902), 46196] 42 | 53804) 51584) 44 | 48416|| 57261) 47 | 42739) 31 
30 | 41180) 41 | 58820)| 46283) 44 | 53717)| 51676) 46 | 48324] 57358| 48 | 42642) 39 
31 1041263) 43 |1-958737| 046371} 45 |1-953629 (051769) 48 11.948231)057456) 51 1042544) 29 
354|| 46458] 47 | 53542] 51861] 50 | 48139] 57553, 52 ' 42447/ 28 


9 
11 
55622)| 49665] 12 | 50335/| 55242; 13 | 44758) 52 
55536|| 49756] 14 | 50244|| 55337| 14 | 44663)°51 
55450|| 49846] 15 | 50154]! 55432} 16 | 44568)_90 

1.955364 |049937| 17 |1.950063|1055528| 18 |1-944472) 49 
55278| 50028] 18 | 49972! 55624! 19 41376) 48 
55192} 50119] 20 49881|| 55719} 21 44281' 47 


 coeealll meal seme Ul pall ell ell soe 
ONO Mw oo 


32 | 41346] 44 

33 | 41428] 46 46546) 48 53454)| 51954) 51 48046)| 57650) 54 42350) 27 
34 | 41511] 47 46634) 50 53366 52046) 53 AT954|| 57747). 56 42253) 26 
35 | 41594] 49 46721) 51 53279 52139] 54 47861|| 57845) 57 42155} 25 
36 | 41677] 50 46809] 53 53191} 52232) 56 47768|| 57942) 59 42058) 24 
37 | 41761} 51 

38 | 41844) 53 46985] 56 53015)| 52417} 59 47583|| 58138, 62 41862) 22 
39 | 41927) 54 47074) 58 52926 52510) 61 47490'| 58236) 64 41764} 21 


40 | 42010] 55 47162] 59 | _52838| 52603] 62 | _47397||_58333| 66 | __41667| 20 


41 1042094 57 (1.957906 047250} 61 |1.952750 |052696| 64 |1.947304/|)055431| 67 |1-941569) 19 


42 | 42177| 58 47338] 62 52662)| 52790) 65 47210)| 58529) 69 41471; 18 
43 | 42261| 59 47427 64 §2573| 52883) 67 47117) 58625) 71 41372) 17 
44 | 42345) 61 47516} 65 §2484)| 52976] 68 47024)| 58726) 72 41274| 16 
45 | 42429) 62 47604| 67 52396|| 53070} 70 46930)| 58524! 74 41176) 15 
46 | 42512! 64 47693} 68 §2307|| 53163} 71 46837|| 58922) 75 41075) 14 


47782| 70 §2218|| 53257| 73 46743)| 59021 
47871) 71 52129} 53351) 75 46649)| 59L19 
47960) 73 52040} 53444) 76 46556)| 59218) 80 40752) 11 
48049) 74 51951)} 53538] 78 46462)| 59316) 82 40684} 10 


ee ff ee | eee a) ee a 


51 |042933! 71 |1-957067]||048138) 76 |1-951862)053632| 79 |1.946368/1059415 
52 | 43017) 72 56983}| 48227| 77 d1L773 
53 | 43102) 74 56895)! 48316} 79 51684 
D4 | 43186) 75 56814] 48406) 80 51594 
55 | 43271) 77 56729}, 48495) §2 51505 


77 | 40979] 13 
79 | 40881, 12 


84 1440585) 9 
85 40486) 8 
87 40387, 7 
&9 40285] 6 
90 40189) 5 


53726| 81 | 46274) 50514 
53820| 82 | 46180 
53915| 81 | 46085 
| 54000] 85 | 459911 59811 


56 | 43356] 78 56644|' 48585) 83 51415 92 40090) 4 


54103] 87 45897, 59910 
57 | 43440) 80 56560)| 48674] 85 51326); 54198) 88 45802)| 60009) 94 39991} 3 
58 | 43525) 81 56475|| 48764) 86 51236)| 54292) 90 45708 60109} 95 39891] 2 


59 | 43610] 82 | 56390|| 48854] 88 |  51146l| 54387| 92 | 45613) 
GY_|043695 


39792 


83. }1-956305) (048943) 89 ]1.951057/054481) 93 |1.945519:|060307! 


Parts, 


| 
46897) 55 §3103)| 52324) 57 47676|| 58040) 60 41960} 23 
‘arte | a 
ns Versed || Suvers. for : Versed 


Suvers.| for Versed || Suvers. 


‘ 


163° 


| ex ~—s«éi 161° 


TABLE TABLE XXXVL i t—<—~s~sT 237 
Natural Versed and Suversed Sines. 
| 21° 22° 23° | 
Parts! a es 


Versed. ie Suvers. || Versed. 7 Suvers. || Versed. ~ Suvers. - 


a OTT OT —$—$—$$—}. } ——— 


1.933580)'072816 1.927184||079495}  0- 1.920505 60 


0 va 

66524 2 32476)|| 72925) 2 27075| 79609) 2 20391 59 
39494; 6662s) 4 33272|| 73034] 4 26966) 79723) 4 20277, 58 
39394] 66733) 5 33267; 73143} 5 26857|| 79836) 6 20164 57 
39294) 66537) 7 33163)| 73253] 7 26747|| 79950) 8 20050 56 
39194) 66942, 9 33058)| 73362) 9 26638} 80064) 10 19936, 55 
39094}, 67046} 11 32954|| 73471! y 26529]| 80178} 11 19822 54 
38994} 67151; 12 32849 73581| 26419} 80293} 13 19707 '-53 
38894}' 67256] 14 32744 73690 26310 


38794]; 67361| 16 32639 73800! 7 26200 
10 | 61306] 17 38694 67466} 18 32534)| 73910) 18 26090 


11 |061407| 18 |1.938593! 067571] 19 |1.932429] 074019! 20 {1.925981 
12 | 61507) 20 35493}, 67676) 21 32324 741291 22 25871 
13 | 61607} 22 38393}, 67781) 23 32219|| 74239: 24 25761 
14 | 61708; 23 38292)| 67887| 25 32113|| 743491 26 25651 
-15 | 61809} 25 3819111 67992) 26 32008)| 74459! 28 25541 
16 | 61909] 27 38091|| 68098] 28 31902!) 74570! 29 25430 
17 | 62010} 28 37990)| 68203} 30 31797|| 74680: 31 25320 


80636} 19 19364 50 


080750) 21 |1-919250 49° 
80865| 23 | 19135] 48 
80979] 25 | 19021) 47 
81094] 27 | 18906, 46 
81209] 29 | 18791 45 
81324] 31} 18676 44 
814390] 33 


18561) 43 


18 | 62111 30 | 37889)! 68309} 32 | 31691] 74790) 33 | 25210|| 81554] 35 | 18446 42 
19 62212 32 | 37788|| 68414) 33 | 31586) 74901] 35 | 25099]| 81669] 37 , 18331! 41 
20 | 62313) 34 | _37687|| 68520) 35 | _31480/| 75011) 37 | _24989)| 81784] 38 |__ 18216) 40 
21 062414] 35 |1.937586| 068626, 37 |1.931374' 075122) 39 |1.924878||081899| 40 1.918101! 39 


62515) 37 37485|| G8732| 39 31268]| 75232) 40 24768 
62617} 39 37383|| 68838] 40 31162 42 24657 


| 82014 42 | 17986 35 
4 62718| 40 | 37282\| 68944] 42 | 31056 44| 24546 


§2130) 44 17870, 37 
82245] 46 17755! 36 
82361] 48 17639 35 
82477] 50 17523: 34 
82592) 52 17408: 33 


62519) 42 37181)| 69050) 44 39950 46 24435 
62921, 447 37079)|| 69157] 46 39843 48 24324 
63023) 46 36977)|| 69263, 48 30737 50 24213 


28 | 63124) 47 36876)| 69369) 50 30631 52 24102)| 82708) 54 17292, 32 
29 | 63226) 49 36774|| G9A76) 52 30524 54 23991|| 82824] 56 17176 3i 
30 | 63328) 51 36672}| 69582) 53 30418 56 23880)| 82940) 58 17060 30 


“$s |1-923768||083006) 00 |1-916044) 20 
60 | 23657|| 831721 62 | 16828! 28 
62 | 23545|| 8328s] 64. | 16712! 27 
64 | 23434] 834041 66 | 16596) 26 
65 | 23322|| 83521| 68 | 16479) 25 
67 | 23210] 836371 70 | 16363) 24 
69 | 23098|| 83754] 72 | 16246 23 
71 | 22987|| 83870] 74 | 16130! 2 
73. | 2287511 $3987] 76 | 16013) a 
75 | 22762|| 84104] 78 | 15896! 20 


“77_|1.922650)||084220) 80 |1.915780, 19° 
79 22538|| 84337] 82 15663! 18 
81 22426)| 84454| 84 15546| 17 
83 22313|| 84571] 86 15429; 16 
84 22201|| 84688] §8 15312) 15 
1 86 22088]| 84806] 90 15194) 14 
88 21976|| 84923] 92 15077| 13 
90 21863|| 85040] 94 14960) 12 
92 21750|| 85158] 96 14842) 11 

94 | _21638|| 85275) 98 14725! 10 


51 065485! 87 |1.934515|071839| 92 |1-928161||075475| 96 |1-921525||085393|100 |1.914607/ 9 
52 | 65588) 89 34412)| 71947} 94 28053|| 78588! 98 21412}) 85510/102 14490) 
53 | 65692) 91 34308}| 72055] 96 27945}; 78701) 100 21299)| 85628/104 14372 
54 | 65795) 93 34205) 72164) 98 27836)| TS815|101 21185]| 85746/106 14254 


“B31 (063430| 53 |1.936570||069689| 55 |1-930311,1076232 
32 | 63532) 55 36468), 69796) 57 30204 
33 | 63634) 57,.| 36366|| 69903) 59 30097 
34 | 63736] 58 36264'| 70009) 61 29991 
35 | 63838] 60 36162|| T0116) 63 29884 
36 62 36060)| 70223) 65 29777 
37 | 64043, 63 35957|| 70331) 67 29669 
38 | 641145) 65 35855|| 70438] 69 29562)| 

67 35752|| 70545) 71 29455 
40 | 64350) 69 35650}, 70652) 72 | 29348 


Al \064453| 70 |1-935547||070760| 74 (1.929240 

42 | 61556) 72 35444|| 70867) 76 29133 
43 | 64659| 74 35341|| 70975] 78 29025) 
44 | 61762) 75 35236!| 71083) SO 28917 
45 | 64865) 77 35135|| 71190) 81 28810 
46 | 64968, 79 35032|| 71295) 83 28702 
AT | 65071) 81 34929)| 71406) 85 28594 


8 
{ 
6 
55 | 65899) 95 34101), 72272'100 27728)| 78928103 21072), $5864|108 14136) 5 
56 | 66003) 96 33997|| 72381\101 27619)| T9O41)105 20959}; 85982/110 14018) 4 
57 | 66107) 98 33893] 721901103 27510)} 79154)|107 20846}; 86100]112 13900) 3 
58 | 66211/100 33789} 72598) 105 27402 79268|109 20732)| 8621S/114 137 62 2 
59 | 663151101 33685|| 72707|107 27293\| 79381/110 20619), 86336/116 1 
60 ae 1.933580}/072816)109 |1-927184)|079495) 112 1.920515) O6645 4118 I. Meda 0. 
| 


80407) 15 19593 52 
80521] 17 19479, 51 
seers 


| \Parts |Parts| Parts . |Parts . 
, | Suvers. for Versed. | Suvers. | for | Versed. \ Suv'ers. for | Versed. | Suverss fox Veraot. | 
| } Hf | 1 " 
Vers. — = : epic se Laat 
159° | 158° ~~ bP | 156° | 


mn 8 5 
a 


< 
cv) 
be J 
a 


eqegseeuzel 


0386454 


86573 
86691 
86810 
86928 
87047 
87166 
87285] 14 


0 
2 
4 
6 
8 
10 
12 


88118) 28 
88238] 30 
88357| 32 
88477) 34 
88597| 36 
$8716) 38 


1-913546 


TABLE XXXVI. 
Natural Versed and Suversed Sines. 


Parts 


Versed. fcr 


093692] 0 


93815] 2 


| 93938] 4 
94061] 6 


94155} 8 


53]; 94308; 10 


94431 12 
94555) 14 
94678} 16 
94802) 18 


94925] 21! 
23 1.904951||10261 


095049 
95173 
95297 
95421 
95545 
95669 
95793 
95917 
96042) 39 


25 
27 
29 
31 
33 
35 
37 


Savers. 


1.906308 
06185 
06062 
05939 
05815 
05692 
05569 
05445 
05322 
05198 
05075 


04827 
04703 
04579 
reel 
04331 
04207 
04083 
03958: 


Versed. for 


1101206, 0 


01333) 2 
01461; 4 
01589, 6 
01717; 8 
01844) 11 
01972) 13 
02100; 15 


02742; 26 
Ape 28 

30 
03127! 32 
03256) 34 
V3sa| 86 
03514! 38 


03642), 40 


23 


Suvers. 


reer “OU 60° 


98667 
98539 
98411 


98283) 


98156 
950238 
97900 
97772 
97643 
97515 
1.897387 
97258 
97130 
97001 
96873 
96744 
96615 
96486 
96358 


09126 

09255} 4 
09396) 6 
09522| 8 


09787) 13 
09920) 15 
10052) 17 
10185} 19 


90874 
baad) ae 
90610; 
coarel © 
90345 
90213) 5 
90080 
89948 
89815 


4 


21 | 89682! 50 


20 | 88836 40 
088956| 42 
89076] 44 
89196| 46 
89316| 48 
89436| 50 

557| 52 

54 
56 
58 
60 


62 


| 96166! 41 
1-9110441}096291 43 
96415] 45 
96540} 47 
96665! 49 


__03834| 03771\ 43 43 
1.903709| 103901" 45 
93585|, 04030! 47 
03460) 04159: 49 
03335|| 04288 52 
03211|| 04418 54 
ten | 04547 57 
M2961! 04677 58 
02836) Otxng 60 
02711!) 04936 62 
8 | MARES 05066_65 | 
1.902460'105195| 67 
0233511 05325! 69 
02209]| 05455| 71 
02084|| 05585] 73 
01958! 05716] 75 
01833!| 05846] 78 
01707|| 05976| 80 
01581)| 06106] 82 
01455!| 06237 
06367 


__96229]| 11650 

¥-896099 
95970 
95841 
95712 
95582 
95453 
95323 
95194 
95064 
94934 

1.894805 
94675 
94545 
94415 
94284 
94154 
94024 
93894 


87815 
87682| 35 
87548 
87413 
87279 
87145) 31 
87011} 30 
7| 29 
86742) 28 
86608] 27 
864173] 26 
poy 25 
86204) 24 
86069) 23 
85934] 22 


33 


09720 
09599 


olo77 06629 
00951 
00825 
00698 
00572 
00445 


115826 ia 1.884174 
15962)116 
00315|111 3 
00442)113 
00569/116 
00696/118 
00824 120 
00951122 
01078124 é 
/101206)127 |1 898794 108993|131 |1.891007|'117052|136 


93324/115 
93446\117 
93569/119 06431 
093692/121 |1.906308 


Parts 
.! for 
" 


Pane: 


— 


TABLE XXXVL 234 5 
Natural Versed and Suversed Sines. 
’ 28° 29° 30° | 3] | 
oe oT amie a = —' W 
os: Parts | Parts! Parts Parts | 3 
Versed * Suvers. || Versed - Suvers. || Versed | i Suvers. || Verved | fr | Suvers, | oy 
0 |117052) 0 |1-882918)|1253S0| 0 |1-874620]|133975| 0 |1-866025 |142833|) 0 |1-857167) 60. 
1 | 17189 82811 2| 74479] 34120; 2] 65880;| 12983) 3 | 57017] 59 
2 | 17326 82674 5 | 74338]! 34266] 5 65734 43132} 5 | 56868) 58 | 
3 | 17462 82538 7 | 74196|| 34411) 7 | 65589|| 43282; 8 | 56718: 57 
4 | 17599 $2401 9 | 74055|| 345571 9 | 65443)| 43433| 10} 56567) 56 
5 | 17736 82264 12 | 73914]| 34703) 12 | 65297|] 435831 13 | 56417] 55 
6 | 17873 82127 14 | 73772|| 348491 15 | 65151]! 43733] 15 | 56267! 54 
7 | 18010 81990 16 | 73631]| 34994) 17 | 65006|} 43883} 17 | 56117 x 
8 | 18147 81853 19 | 734891! 35140 19 | 64860)] 44034] 20 | 55966! 5 
9 | 18284 81716 21} 73348)| 35287| 22 | 64713/| 44184) 22 BSBIGl bi 
10 | 18422 81578 24 | _73206)| 35433) 24 | 64567|| 44334) 25 | 55666 2) 
11 |118559 1.881441 26 |1.873064]| 135579) 27 |1-864421||/144485| 27 |1.855515| 49 
12 | 18696 81304 29 | 72922|| 35725| 29 | 64275! 44636] 30 | 55364] 48 
13 | 18834 $1166 31 | 72780) 35872) 32 | 64128]! 44786] 32 | 55214) 47 
14 | 18972 81028 33 | 72638]! 36018} 34 | 63982]| 44937} < 55063) 46 
15 | 19109 80891 36 | 72496]! 36164) 37 | 63836|| 45088 
16 | 19247 80753 38 | 72354/! 36311} 39 | 63689|| 45239 
17 | 19385 80615 40 | 72212|' 36458] 41 | 63542|| 45390 
18 | 19523 80477 43 | 72069|| 36604] 44 | 63396] 45541 
19 | 19661 80339 45 | 71927|| 36751] 46 | 63249|| 45692 
20 | 19799 80201 47 | __71784|| 36898) 49 | _63102/| 45844 5 
21 |119937| 48 {1.880063 49 |1.871642) 137045 51 |1.862955||145995 39 || 
22 | 20075| 52 | 79925 52 | 71499 62808|| 46146 38 
23 | 20213) 54 54| 71357 62661|| 46298 37 |i 
24 | 20351] 56 56 | 71214 62514|| 46449 
25 1 20490) 58 59 | 71071 62366]| 46601 : 
26 | 20628) 60 61 | 70928 62219]| 46752 
27 | 20767| 62 64] 70785 62072|| 46904 
28 | 20905] 64 66 | 70642! 61924|| 47056 32 {I 
29 | 21044) 67 69 | 70499 61777|| 47208] 73 | 52792[ 31 
_30 | 21183) 69 | _ 71 | 70356 61629|| 47360| 76 | 52640} 30 
31 1121322) 71 |1.878678 | 74 |1.870212.138518| 77 |1-86148211147512] 78 |1.852488) 29 |f 
32 | 21461| 73 | 78539 77 | 70069, 61334|| 47664] 81 | 52336] 28 
33 | 21600] 76 | 78400 79 | 69926 61186|| 47816] 83 | 52184) 27 
34 | 21739) 78 | 78261 82 | 69782 61038]| 47968] 85 } 52032) 26 
35 | 21878] 81 | 78122) 84 | 69639 60890]! 48121] 88 | 51879] 25 
36 | 22017 84 | 77983) 87 | 69495 60742|| 48273] 90 | 61727] 24 
37 | 22156] 86 | 77844 89 | 69351 60594|| 48425] 93 | 51575] 23 
38 | 222961 89 | 77704 91 | 69207 60446|| 48578] 96 | 51422] 22 
39 | 22435] 91 | 77565]| 30936} 94 | 69064 60298|| 48731} 99 | 51269) 21 
40 | 22575) 93 | 77425] 31080] 96 | _68920]| 39851 60149|| 48883] 102 sini 20 20 
41 1122714) 95 |1.877286)|131224) 98 [1.868776 02 |1.860001|/149036|105 |1.8509641 15 
42 | 22854] 97 | 77146] 31368/101 | 68632 59852|| 49189/107 | 50811! 18 |] 
43 | 229041100 | 77006/| 31513/103 | 68487 59704|| 493421109 | 50:58] 17 
44 | 23133|102 | 76867|| 31657|/105 | 68343 59555|| 49495|111 | 50505} 16 
45 | 23273/105 | 76727|| 31801|108 | 68199 59406|| 49648/114 | 50352] 15 
46 | 23413/107 | 76587/] 31946|110 | 658054 59258|| 49801/117 | 50199] 14 
47 | 23553|109 | 76447|| 32090/112 | 67910 59109] 499541119 | 50046] 13 
48 | 23693/112 | 76307]| 22234/115 | 67766 58960|| 50107|/122 ; 49893! 12 
49 | 23833/114 | 76167|| 32379|117 | 67621 58811|| 502611125 | 49739] 11 
(50 | 23974|117 | 76026); 32524)119 | 67476 58662|| 50414/128 | 49586! 10 
51 |{24114/119 !1.875886]|132669|122 |1-867331||141487|126 |1-858513/'150567/131 |1.849433| 9 
52 | 242541122 | 75746|| 32513|124 | 67187 58364|| 50721|133 | 49279] 8 
53 | 24395|124 | 75605/| 32958|127 | 67042 58214] 50875135 | 49125| 7 
54 | 245351126 | 75465|| 33103|129 | 66897 58065|| 51028\138 | 48972] 6 
55 | 246761129 | 75324) 33248|132 | 66752 -57916|| 51182|140 | assis} 5 
56 | 24817|131 | 75183|| 33393/134 | 66607 57766|| 513361143 | 4s6o4| 4 
57 24958/133 | 75042)| 33539|137 | 66461 57616] 51490145 | 48510) 3 
58 | 25098|136 | 74902]; 33684|139 | 66316 57467|| 51644148 | 483561 2 
59 | 25239/138 | 74761|| 33829|142 | 66171 57317|| 51798151 | 48202| 1 
60 _|125380}140 |1.874620]|133975'144 |1-866025 Lips33|140 1.857167; 151952)153 1.848048] 0 
espe lpi SL aan ‘bade bed —— 
Parts Pa eri Ney" 
- | Suvers ~ Versed. |) Suvers. | i io | Versed. | Suvers, | fom | Wersed. se esih a Versed. | " 
| 
Vers. ;—-—— tty tt nt | Suv. 
[.. -¥5ie MOR cic 149° 14g | 


TABLE XXXVI. 


f 


| ‘ 
| Natural Versed and Suversed Sines. 
ci.) oe 33° ye Sat 
¢ pega) egy eo * ae 
: [Parts Parts (Parts Parts 
sg Versed ice Suvers. || Versed for Suvere. || Versed for Suvers. || Versed for Suvers, | Suv 
0 LdL952 ai 1.848045}/161329] 0 |1.838671|/170962] 0 |1.829038//180848! 0 [1.819152] 60 
1 | 52106) 3 47894]| 61488} 3 38512)| 71125] 3 28875]| 81015} 3 18985, 59 
> Di-l-52260). 5 477401) 61646} 5 383654!| 71288] 6 28712)) S11S2; 6 18818} 58 
| 3 | 52415] 8 47585|| 61805} 8 38195)| 71451} 8 28549}; 81349) 9 18651| 57 
| 4 | 52569) 10 47431)}| 61964) 11 38036 71614} 11 28386)| 81516) 11 18484) 56 
5 | 52723) 13 47277)| 62122) 13 37878)| 71777) 14 25223) 81683) 14 18317| 55 
6 | 52878} 16 471221) 62281) 16 37719) 71940} 16 28060)| 81850} 17 18150) 54 
| 7 | 53033] 18 46967;| 62440] 19 37560:} 72103] 19 27897\|| 82018) 20 17982! 53 
8 | 53187} 20 46813}] 62599} 22 37401|| 72266] 22 277341) 82185] 23 17815| 52 
1 9 | 53342} 23 46658]| 62758] 24 37242)| 72429} 25 27571]| 82352) 25 17648, 51 |: 
| 10 | 53497] 26 | _46503| 62917| 27 | _37083/| 72593] 27 | 27407|] 82520, 28 | 17480) 50° 
| LI 1153652] 28 1.846348) 163076] 29° 1.836924|172756] 30 1.8272441)182687| 31 {1.817313} 49 
| 12 | 53807] 31 63236) 32 36764|| 72919} 33 27081}| $2855} 34 17145| 48 | 
thet 33 63395) 35 36605!| 73083] 36 26917|| 83023) 36 16977, 47 | 
36 63554) 38 36446) 73247| 38 96753} 83191} 39 |. 16809) 46 ; 
39 63714) 40 36286) 73410) 41 26590)| 83358) 42 16642} 45 
| 4] 63873} 43 36127;| 73574| 44 26426|| 83526) 44 16474| 44 
44 64033) 46 35967)| 737351 47 26262|| 83694] 47 16306) 43 
47 §4193] 48 35807)| 73902) 49 26098;| 83862: 50 16138] 42 
49 64352) 51 35648|| 74066) 52 25934)| 84030) 53 15970} 41 
“BS 64512] 54 | 35488] 74230] 55 | 25770|| 84199] 56 | __15801| 40 
D4 |1.844795)| 164672) 56 1.835328 174394] 57 |1.825606||184367| 58 '1.815633| 39 
57 64832) 59 35168|| 74558] 60 25442|| 84535! 61 15465) 38 
60 64992) 62 35008)| 74722] 63 25278|| 84704] 64 15296! 37 
62 651521 65 31848) 74887] 65 25113\| 84872! 67 15128; 36 
65 65312) 67 34688|| 75051) 68 24919|| 85041) 70 14959} 35 
68 65473} 70 $4527|| 75215) 71 24785|| 85209) 73 14791; 34 
72 65633) 72 34367|| 75380); 73 24620|| 85378! 76 14622) 33 
74 65793] 75 34207)| 75544) 76 | 24456 85547| 79 | 14453) 32 
76 65954) 78 340916)| 75709] 79 24291)| 85716; $2 14284) 31 
78 66114} 81 33886 75874} 82 24126) 85884] 84 1411 30 
) 81 11.843235]|166275| 84 1.833725) 176039] S54 {1.823961|/186053] 87 |1.813947| 29 
j 84 66435] 87 33565| 76203] 87 23797)|| 86222) 90 13778) 28 
f 87 66596] 90 $3404 76368] 90 23632)|| 86392) 93 13608] 27 
90 66757) 93 83243) 76533) 93 23467|| 86561) 95 13439} 26 
7: 92 66918} 95 33082|. 76698] 96 23392 86730) 98 13270) 25 
f 94 67079] 98 32921|, T6864) 99 23136 86899|101 13101) 24 
97 672401101 32760 77029]/102 2297 87069/104 12931] 23 
99 67401}103 32599 | 77194|105 225( 87238|107 12762) 22 
58018] 102 67562|106 32438'| 77359/108 22641)| 87468110 12592) 21 
58175/105 67723/108 | 32277 | 77525/111 | _22475|| 87577113 |__12423| 20. 
158332 108 |1.841668}'167SS5/111 |1.832115'|177690/114 |1.S22310/ 1877471115 |1-812253) 19 
2 | 58489111 68046|114 31954 77856) 116 22144)! S79I6I118 12084) 18 
43 | 58646)113 68207/116 31793, 78022) LL9 21978)| S8086/121 11914| 17 
44 | 58804/115 68369) 119 31631) 78187) 122 21813)| 88256/124 11744] 16 
45 | 58961118 68530) £21 31470!) 78353/125 21647|| 85426)127 11574) 15 
46 | 59118121 68692)124 31308! 785 19/128 21481)} 88596)130 11404) 14 
AT | 59276/123 68854127 31146). 78685) 131 - 21315] SS766/133 11234! 13 
48 | §9433]126 69016) 129 341] TS851/134 21149)) 88936)136 11064} 12 
49 | 59591/128 69177|132 3) 79017136 20983); 891L0G6)139 10894) I1 
50 | 59749131 69339 aS aes 79183) 139 20817)| 89277) 142 
51 |159906/134 |1.840004|'169501|138 179349|142 |1.-820651/|180447|144 
| 52 | 60064/136 | 39936!| 69663/141 79515|145 | 20485|| 80617/147 
53 | 692221139 39778}| 69826)143 79682|147 20318}} 897881150 
| 54 | 60380/142 39620]} 69988)146 79848/150 20152!) $9958/153 
| 55 ' 605358)144 39462|| 70150/148 80015|153 19985|| 901291156 
56 | 69696)147 39304]] TO312)151L SO1S1L/156 19819] 90300/159 
57 | 60854150 39146|| 70475|154 80348/158 19652) 904701162 
58 | 610131152 38987) 706371156 80514/161 19486)|| 90641/164 
59 | GLL71155 88820]| 7OS00/ 159 $0681)}164 19319]| 90812167 } 
60 [161329 329/157 1.835671 170962 162, 1.829038)| 180848 166 |1-819152]|190983)170 |1.8S09017 
; Vasher Parts 
+ fas for | Versed |; Suvers.| for Suvers.| for 
Be ! 2 | 
ly : | Soar amt PR Val 
| ~ 
147° | 146? | 145° | 144° 


—_——_— — + 


TABLE XXXVI. 


24] | 
Natural Versed and Suversed Sines. 
' 36° 37° 39° | 39° 
tte = ep a a " 
Vers Parts ras Parts j Parts with 
Versed for | Suvers. || Versed | for | Suvers. |) Versed for | Suvers. || Versed | for | Suvers 
190983! 0 {1-809017|/201364| 0 |1.798636|211989| 0 L.78801 ee 222851 ~ 0 11777146) G0 


91154) 3 
91325| 6 
91496, r 
91667) 11 


08846 
08675 
08504 
08333 


98460 
98285 
98110 
97935 


23037| 3 
52|| 23220) 6 


76963) 5 
76780 
76596) : 
T6AL3) : 


05161 15 97759 23770) 15 76230] 55 
Barat Gp 7 07990 18 97584 23954) 18 76046) 54 
Szisli 2 97408 24137) 21 75853) 53 


0 
1 
2 
3 
4 
5 | 91839; 
6 
7 
8 
9 


92353! 23 
92525| 26 


97233 
97057 


75679 


T5496 e 


10 | 92696] 29 ’ 29 | 96882 24688} 31 | 75312! 50 
11 |192868} 32 |1.807132||203294| 32 |1-796706|'213063 24 34 1.775128] 49° 
12 | 93040! 34 35 | 96530 25056| 37 | 74945] 48 
13 | 93211) 37 38 | 96354 25239| 40 | 74761] 47 
14 | 93383) 40 41 | 96178 25123| 43 | 74577] 46 
15 | 93555) 43 44 | 96002 25607| 46 | 74393] 45 
16 | 93727] 46 47 | 95826 25791| 49 | 742001 44 
17 | 93899) 49 50 | 95650 25976 74024| 43 
18 | 94072] 52 53 | 95473 73340] 42 
19 | 94244! 55 56 | 95297 73656) 41 
20 | 94416) 57 59 | 951211) 15584 | 73472] 49 
21 |194589] 60 62 |1.794944}21576 > 11.773287| 39 
22 | 94761! 63 65 | 94768 73103) : 
23 | 94934] 66 68 | 94591 72918] : 
24 | 95106} 69 71 | 94415 72734] 36 
25 | 95279! 72 74 | 94238 72519 
26 | 95452| 75 76 | 94061|' 72364 
27 , 95624 78 79 | 93884 72179 
28 | 95797! 81 82 | 93707 71995 
29 | 95970] 84 | 04030)| 06470] 85 | 93530 TISIO 
30 | 96143] 86 03857|| 06647| 88 


1.771440) 29 
71254 
71069 
70884 
70699 
70513 
70328 
70142 
69957) 
69771 


91757 
_ 91 ts ae 


i 
Vers. 


98224)121 
98398}124 


98572|127 
98746) 130 
989290}133 
99094/136 
99269) 139 
99443) 142 
99617) 145 


Hy 


143- 


i en. 


52 11909966/150 |1-800034 
| 53 )200141/153 {1.799859 
54! 00315/156 | 99685 
55 | 00190]159 | 99510 
56 | 00665|162 | 99335 
357 | 00840!165 | 99160 
58 | 010151168 | 98985 
59 | OLISO|171 | 98811 


08776)124 
08954|127 
09132)130 
09310)133 
09488)}136 
09667|139 
09845/142 
10023/145 


10202)148 


10559|154 
10737|157 
10916)160 
11095/163 
11273) 166 
11452) 169 
11631)172 
11810175 


60 |201364/174 |1-798636)(211989/178 {1.788011 


—_— 


89798)! 


91224), 
91046 
90868 
90690) 
90512 
90333 
90155 
8997 


32462/161 
32648|164 
32835|167 
33021|171 
33208|174 
33395|177 
33582|180 
| 33769|183 
1.777146 |233956, 


89441 
§9263 
89084 
88905 
88727 
88548 
88369 
88190 


69400 
69214 
69028 
68842 
68656 
68470 
68284 
68097 


55 | 67911) 


67538 
67352| 
67165 
66979 
66792 
66605 
66418 
66231, 


186_|1.766 766944] 


EASEs Sana 


38 
S 37 
j j 3} 36 
519] 35 
. 2179] 33 
G95] 32 
; 31 
93353 71625] 30 
30 


65857 
65670 
65483 
65296 
65109 
64921 
64734 
64547 
64359 
64171 


TABLE XXXVI. 


45481 
45672} 6 
45863] 10 


46215] 16 
46437| 19 
46628) 22 
=H 


25 


47011) 28 


Suvers. | 


5451 
91328 
54° $7 
53946 
53755 
53563 
53372 
53181 
52939 
52798 


1.7517 10|'256855| 0 


| 


* |Parts’ 


ee 


Versed i 7“ Suvers. | 
| 


57050) 3 
57245 


98805 


137° 


Parts! 
ry Versed, 


1-763984|.247394| 35 |1-752606/|259000 
63796 3} 52415]| 59195 
63608 52223|| 59391 
63420 52032i| 59586 
7 63232 51840|| 59782 
195 63044 51648|| 5997 
; [ 62856 51456|| 60173 
18 | 373321 57 | 6266s! 51264!| 60369 
19 | 37520! GO | 62480, 48928! 60 | 51072/| 60565 
20 | 37708| 63 | _62202|| 491201 64 |__50880]|| 60761 
21 |237896| 66 '1.762104| 249312] 67 |1-750688}|260957 
22 | 38085} 69 | 61915|| 49504] 70 | 50496)| 61152 
23 | 38273] 72 | 61727]! 49697| 73 | 50303/| 61349 
24 | 38162] 75 | 61535|| 49889] 76 | 501111) 61545 
25 | 38650] 78 | 61350|| 50081} 80 | 49919)| 61741 
26 | 38839) 82 |  GL1G1}| 50274) 83 | 49726)! 61937 
27 | 39028] 85 | 60972], 50466] 86 | 49534/| 62133 
28 | 39216 88 | 60784|| 50659} 89 | 493411] 62330 
29 | 39405} 91 | 60595]| 50852} 92 | 49148]] 62526 
30 | 39594) 94] 60406] 51044] 96 | 48956 62723) 98 _ 
31 [239783] 98 |1.760217):251237|101 |1-748763)|¢ 
32 | 39972/101 | 60028'| 51430104 | 4857 
33 | 40161/105 | 59839]} 51623/107 | 48377]] 63313/110 
34 | 40350/108 | 59650]} 51816/110 | 48184 
35 | 40539/111 | 59461]| 520091113 | 47991 
36 | 40729)114 | 59271]| 52202/117 | 47798 
37 | 40918/117 | 59082} 52395|120 | 47605 
38 | 41107/120 | 58893]| 52588123 | 47412 
39 | 41297/123 | 58703/| 52782|126 | 47218 
40 | 41486)127 | 58514)| 52975/129 | 47025 
41 |241676|130 |1-758324||253168| 133 |1-746832) 
42 | 41866|133 | 58134|| 53362)136 | 46638) 
43 | 42055)136 | 57945|| 53555/139 | 46445) 
44 | 42245/139 | 57755|| 53749/142 | 46251 
45 | 42435/142 | 57565|| 53943/145 | 46057 
46 | 42625|146 | 57375|| 54136/149 | 45864 
47 | 42815|149 | 57185] 54330/152 | 45670 
48 | 43005|152 | 56995|| 545241155 | 45476 
49 | 43195)155 | 56805|| 547181159 | 45282 
50 | 43385/158 | 56615]! 54912/162 | 45088 
51 (243575|161 |1-756425| 
52 | 4376G6/165 | 56234 
53 | 43956/168 | 56044 
54 | 44146/171 | 55854 
55 | 443371174 | 55663 
56 | 44528/177 | 65472 
ct r | sia 55282 
41909184 | 55091 
pe a 45100)187 54900 
(245290|190 [1.754710] 256855194 |1.743145 
Parts: 
Suvers. for : Versed. Suvers for Versed. | Suvers. 
139° | 138° | 


Natural Versed and Suversed Sines. 


— EE eee 


“T7033\L41 
77234/144 
77435) 147 
776361150 
77837 |154 
78038|157 
78240/161 
78441/164 
78643/168 


79046) 174 
79247 |177 
79449)/181 
7965 1/184 
79852/188 


Suv. 
‘| Versed Pe Suvers. 

0 |1-743145 208646, 0 {1.731354 60 
42950| 68845} 3] 31155] 59 
42755 | 69043! 7 | 30957| 58 
42561| 69242! 10 | 30758] 57 
42366 | 69140} 13 | 30560] 56 
42171|| 69639| 16 | 30361] 55 
41976,| 69838] 20] 30162] 54 
A1781)| 70037] 23} 29963] 53 
41586|| 70235| 26 | 29765) 52 
AL39L|| 70434] 29 | 20566] 51 
41195\| 70633] 33 | 29367] 50 

1.741000 2) 36 |1-729168] 49 
71031 39 | 28969, 48 

71230, 42 | 28770! 47 

714301 46 | 28570} 46 

40218)| 71629] 50 | 28371) 45 
40023 | 71828] 53 | 28172) 44 
39827\| 72028] 56 | 27972! 43 
39631|| 72227| 60 =e, 42 
39435|| 72427| 63 | 27573) 41 
39239| 72626| 66 | 27374) 40 
3 1272826| 70 |1-727174| 39 

3|| 73026] 73 | 26974) 38 
73225| 76 | 26775] 37 

73425| 80 | 26575] 36 

73625| 83 | 26375] 35 

73825| 86 | 26175} 34 

74025] 90 | 25975) 33 

74225| 93 | 25775! 32 

74425| 96 | 25575! 31 

| 74626|100 | 25374} 30 

Sy pcb. 104 |1.725174) 29 
75026/107 | 24974) 28 
75227\110 | 24773) 27 
75427|113 | 24573} 26 
75628117 | 24372) 25 
75828/120 | 24172| 24 

| 76029|123 | 23971) 23 

3'| 762291127 | 23771) 22 

| 76430/130 | 23570] 21 
76631 134 |_23369 20 


: 44° 45° : 46° 
i. ¥ Parts! iParts| Parts 
Vers-| Vorged. for Suvers. || Versed. for Suvers. | Versed. 
0 |280660| 0 |1-719340]]292893| 0 \1.707107 
1 | sose2} 3 | 19138! 930991 3 | o690rl 055511 3 
2| 81064 7 | 18936i| 93305] 7 06695! 05760| 7 
3 | 81267} 10 | 18733]] 93511] 10 | 06489) 05970] 11 
4 | 81469 14 | 18531]] 93716 14 06284 06179} 14 
5 | 81671) 17 1832 |] 93922) 17 06078]! 06389; 18 
6 | $1874, 20 | 1812:] 94128) 21 | 05872/| 06595] 21 
7 | 82076 24 | 17924]| 94334) 24. | 05666'| OGS08! 25 
8 | $2279] 27 5459|| 07017| 28 
9 | $2481] 31 07227| 32 
10 | 82684) 34° ee. 07437| 35 
11 |282887| 38 | 7647) 
12 | 83089] 41 07857| 42 
13 | 83292] 45 08067| 46 
14 | 83495] 48 08277! 49 
15 | 836981 51 08487| 52 
16 | 83901] 55 08697| 56 
17 | 84104] 58 08907| 59 
18 | 84307] 62 09118] 63 
19 | $4510) 65 09328] 66 
20 | 84714 68 69 |_09538) 70 
21 284917] 72 1.715083||2 73 |1.702774||309749 
22 | 851201 75 38 2567|| 09959| 77 
23 | 85324] 79 3601} 10170] 80 
24 | 85527| 82 10380] 84 
25 | 85731] 85 10591| 87 
26 | 85934] 88 98261 10802! 91 
27 | 86138! 92 | 13862)| 98469] 93 | 01531|| 11013! 94 
28 | 863421 96 | 13658|| 98676 97 | 01324] 119941 98 
29 | 865461 99 | 13454/| 98883)100 | 01117]! 11434)101 
30 , 86750/102 | 13250 11645|105 


TABLE XXXVL __ 
Natural Versed and Suversed Sines. 


1.700702 


32 | 87157|109 00494)! 12068|113 
33 | 87361|112 12279|117 
34 | 87566|116 12490|120 
35 | 87770|119 12701|124 
36 | 87974|123 12912|127 
37 | 88178|126 13124|131 
38 | 88383130 13335|134 
39 | 88587|133 135.47|138 
40 | 88791|137 139, 13758|141 
41 |288996|140 

42 | 89201|143 01585|145 141821148 
43 | 80405|146 01793|149 14893|152 
44 | 89610|150 02001|152 14605|156 
45 | 89815|153 14817/159 
46 | 900191157 02418|159 15029|163 
47 | 90224)160 02626163 | 97374\| 15241|167 
48 | 90429|164 02835|166 | 97165]| 15453)170 
49 | 90634]167 03043/170 | 96957|| 15665/174 
50 | 90839171 032521173 | 96748] 10877|177 
51 |291044|174 |1-708956||303461|177 |1-696539||316089|181 
52 | 91250177 03670180 | 96330) 16302184 
53 | 91455|181 03878|184 | 96122) 16514/188 
54 | 91660)184 04087|187 | 95913] 16726)191 
55 | 91865|188 04296|191 | 95704|| 16939|195 
56 | 92071{191 04505|194 | 95495|| 17151|198 
57 | 922761195 4 04714|198 | 95286] 17364202 
58 | 924821198 || 04923)201 | 95077|| 17576|205 
59 | 926881202 05132|205 | 94868] 17789|209 


\Parts| 
Suvers.: ~ 


135° 


Versed. | Suvera. 


ee 


Parts 
for | Versed. || Suvers. 


| 


305342) 0 {1.694658 


944419) 
94240 
94030; 
93821! 
93611 
93402, 
93192! 
92983 
92773| 
92563 


“39 |1.692353)|: 


i] 18 


i} 50 


21-74 |1.677518 


Parts 


my Suvers. || Versed. for Suvers. 


2| 0 |1.681998 


4| 81786 

7 | 81573 

10 | 81360) 

14; $1147 
80934 
80721| : 
80508 
80295 

32 | 8s00Sl 

36 | 79868! 59 
39 |1.679655| 49 
43 | 79441] 48 
46 | 79228| 47 
79014) 46 
78801| 45 
78587! 14 
78373] 13 
78160' 12 
77916 Al 
77732| 40 
39 
38 
37 
36 
35 
34 
33 


21 
25 
28 


53 
57 


77304; 
77090) 
76876 
76662 
764Ad 
76233 
76019) 32 
75805) 31 
75590! 30 
29 
7T5161| 28 
TAQAT| 27 | 
Hat 26 


74517) 25 
74302 24 
74088 23 
73873| 22 


———— |_| | | | 


arts 
for 
" 


TABLE XXXVI 
Natural Versed and Suversed Sines. 


49 50° : 51° a 
saahaltieescialishdinds et At nee) | Se Si eee ee ee Sy —== ae “ 
[Perts! Parts _ |Parts! Suv. 
Suvers. || Vorsed for Suvers. || Versed fox | Suvers. || Versed 4 | Suvers 
0 {330869 0/1.669131)|343941 0|1.656059]/357212 Pigs 1.642788 370680| _0(1.629320] 60 
1 | 31086 4) 68914 55540|| 57435 42565}|| 70906 4} 29604) 59 
2 | 31302 7 #68698 55620]| 57658 8| 423412) 71 132) 28868] 58 
3 | 31518] 11) 68482 55400)| 57881; 11} 42119)} 71358) 11) 28642) 57 
4 | 31735, 14) 68265) 55180|| 58104] 15! 41896)| 71584) 15} 28416! 56 
5 | 31951] 18} 68049 64961|| 58327; 19| 41673)| 71811} 19 28189| 55 
6 | 32167; 22 oe 54741)| 58550} 22) 41450;! 72037; 23] 27963 54 
7 | 32384, 25) 6761 54521|| 58774) 26) 41226)| 72263) 26; 27737 53 
8 | 32601] 29; 673899 54301)| 58997; 30} 41003|| 72490) 30) 27510] 52 
9 | 32817] 32) 67183 54081|| 59220} 34) 40780!| 72716) 34) 27284! 51 
10 | 33034] 36] 66966 53861] 59443| 37} 40557|| 720431 38] 27057| 50 
11 |333251| 39/1.666749 41)1-653641)||359667| 41)1. 640333 |373170| 42/1-626830} 49 
12 | 33468] 43 66530 « 53421|| 59890] 45] 40110} 73396 26604! 48 
13 | 33684} 46) 66316 53200|| 60114} 49) 39886)| 73623 26377| 47 
14 | 33901} 50) 66099 52980)]| 60337] 53, 39663|] 73550 26150' 46 
15 | 34118) 54! 65882 52760)| 60561} 56) 39439)| 74077 25923) 45 
16 | 34335) 57; 65665 52539) 60785} 60) 392 15| 74303 25697} 44 
17 | 34552) 61) 65448 52319 61008) 64 38992| 74530 25470} 43 
18 | 34770) 64) 65239 52098)| 6123 68) 38768 | TAT57 25243; 42 
19 | 34987; 68) 65012 51878|| 61456; 72} 38544) 74984 25016] 41 
20 | 35204 _ 72 64796 7 51657|| 61 | ___ 38320) 75211 24789} 40 
21 |336423! = 75il. 1.664579) 34§ 77/|1-651437),361904| 78)1. 638096 ' 1375439) 1.624561] 39 
22 | 35659) 79) 64361 51216)| 62128} 82 37872, 24334) 38 
23 | 35856] 82! 64144 50995)|| 62352} 6&6 37648, 24107! 37 
24 | 36074) 86) 63926 50774|| 62576} 90 37424 23880) 36 
25 | 36291) 90} 63709 §0553)| 62800! 94 37200, 23652) 35 
26 | 36509] 93) 63491 50332)| 63024| 97 36976, 23425) 34 
27 | 36727; S7| 63273 50111)) 63249) 101) 36751 | 23197) 33 
28 | 36944) 101| 63056 49890'| 63473] 105) 36527. 22970) 32 
29 ' 37162} 105) 62838 49669)| 63697} 109 36303. 22742! 31 
30 | 37380) I 169 62620)| 50552 49448 63922 112 36078) 22515] 30 
31 337598) 114/1.662402)|350773] 115|1.649227)|364146} 117)1.635854 |: 119} 1.622287; 29 
32 | 3781 6! 118} 62184)| 50994 49006)|| 64371) 121 35629, 22059} 28 
33 | 38034) 121] 61966)| 51216 48784)| 64595} 124) 35405 21831 
34 | 38252) 125) 61748|| 51437 48563)| 64820} 128} 35180 21604 
35 | 38470) 128) 61530] 51659 48341)|| 65045} 131, 34955 21376, 25 


45120 21148) 24 
20920| 23 
20692) 22 
20464} 21 


20235] 20 


36 | 35688} 132} 61312) 51880 
37 | 38906} 136) 61094|| 52162 
38 | 39125] 139} 60875|| 52323 
39 | 39343) 143) 60657|| 52545 
40 | 39561] 146; 60439)| 52767 


41 |839780| 150|1-660220|/352988] 152|1-647012);: 

42 | 39998) 154) 60002/| 53210 
43 | 40217| 157; = 59783]} 53432 
44 | 40435) 161) 59565)| 53654 


19779 
19551) 17 
19322) 16 


45 | 40654) 164 59346), 53876 46124)| 67295] 169 19094} 15 
46 | 40573) 168) 59127]; 54098 45902'| 67520) 17 18865} 14 
47 | 41092) 172) 58908! 54320 45680|| 67745) 176 18637| 13 
48 | 41310) 175) 58690)! 54542 45458)|| 67971) 180 18408] 12 
49 | 41529) 179| 58471]| 547 45236|| 68196; 183 18180} 11 
50 | 41748] 183] 58252)| 54987 45013)| 68422) 187 


5L |341967| 187|1-655033))355209) 188]1-644791 

52 | 42186, 190) 57814/| 55431 
53 | 42406) 194) 57594!) 55654 
54 | 42625) 197| 57375|| 55876 
55 | 42844) 201) 57156)| 56099 
56 | 43063) 204) 56937]! 56321 
57 | 43283) 208} 56717|| 56544 
58 | 43502) 212} 56498]! 56767 
59 | 43721) 215} 56279|| 56990 
60 1343941) 219)1. -656059))357212) 222 


16120 


222|1-642788 '/370680| 225/1-629320 |384339) 228)1-615661 


Parts! Parts) | Parts ’ 
y | Suvers. for Versed || Suvers. for Versed. |, Suvers. for Versed. || Suvers = Versea. “ 
ihe 4 


131° 


3 
Lal 
or 
ow 
— 
(-~p 
4 
“ 
= 
Lal 
on 
ne 
~~ 
m 
2 = 
io) 
or —] 
= 3 
- = a an 
esses 


—~dat366i 398185 


32 | 91700) 123) 08300)| 05645 
33 | 91931) 127; 08069)| 05879 
34 | 92162) 131) 07838)| 06113 
35 | 92393) 135} 07607|| 06347 
36 | 92624) 139) 07376)| 06581 
37 | 92855) 143} 07145]! 06815 
38 | 93086) 147; 06914|| 97049 
39 | 93318) 151) 06682)| 07284 
40 | 93549] 154) 06451)| 07518 


48 
49 
50 


51 |396096| 197|1.603904||410099 
52 201| 03672|| 10334 
53 | 96560] 205] 03440]| 10569 
54 209| 03208]| 10804 
55 | 213} 02976]| 11039 
56 56, 217| 02744|| 11274 
57 | 97485} 220; 02512!] 1150 
58 | 97720) 224| 02280)! 11744 
59 | 97953] 228| 02047|| 11979 
60 [398185] 231!1.601815||412215 
Parts 
Syvers.| for | Versed. || Suvers. 


——e——— 


_234)1.587785 


ee 
= 


TABLE XXXVI. 
Natural Versed and Suversed Sines. 
fee Bh | 


54° 


~~ @ |384339 426424 
1 | 84568} 4; 15432|| 98417 26662 
2 | 81797! 8] 15203]| 98650 26900 
3 | 85026] 12} 14974)} 95882} 1 27139 
4 | 85256} 16) 14744|| 99115 27377 
5 | 85485| 191 14515|| 99347 27616 
& | 85715} 23! 14285!! 99580 
7 | 85944) 27] 14056|'399812 
g | 86174] 31] 13826||400045 
9 | 86404) 35} 13596|| 00278 
10 | 86633] 38} 13367|| 00511) 39 
11 1386863] 42!1.613137||400744 
12 | 87093} 46] 12907]| 00976 
13 | 87323} 50! 12677]! 01209 
14 | 87553} 54} 12447]! 01442 
15 | 87783] 67] 12217|| 01675 

16 | 88013} 61} 11987]! 01908 

17 | 88243! 65] 11757/| 02142 
18 | 88473] 69} 11527!| 02375 

19 | 88703] 73] 11297|| 02608 

20 | 88933] _77| _11067|| 02841|_78|_ 

“21 =|389164| 81/1.610836||403075| 82)1.596925 

22 | 89394] §5| 10606|| 03308] 86] 96 

23 | 89624 89} 10376|| 03542} 90 

24 | 89855] 92] 10145|| 03775 

25 | 90085] 96| 09915}! 04009 

26 | 90316] 100| 09684/| 04242 

27 | 90546] 104] 09454|| 04476 

28 | 96777| 108} 09223/| 04710 

29 | 91008] 111] 08992/| 04943 

30 | 91239] 115] 08761|! 05177 


31 |391469| 119|1-608531||405411 1.5 


“4L |393780| 158|1.606220||407752 1.55 
42 | 94012) 162} 05988|| 07987 
43 | 94243] 166| 05757/| 08221 


24519) 206| 75481)| 38879 

75243|| 39120 

24995! 214) 75005|| 39361 

25233) 218] 74767|| 39602 

25471| 222) 74529|| 39843 

25709| 226] 74291|| 40084 

88256!) 25947} 230! 74053)|| 40325! 
88021); 26185, 234} 73815!) 40566 


426424! 237|1.573576| 440807 


Suvers, Suvers. 


Parts 
- Versed. 


~ SAll 
88 


4281| 20211.57571 1438639) 204/1.561361 


5118562) 39 


68323) 35 


68083, 37 
67844 36 
67604) 35 
67365| 34 
67125] 33 
66886] 22 
66646] 31 
66406| 30 

124/1.566166| 29° 
65927] 28 
65687| 27 
65447| 26 
65207| 25 
64967! 24 
64727| 23 
64487] 22 
64247] 21 
160} 64007] 20 
164|1.563766| 19 
168] 63526] 18 
172| 63286] 17 
176| 63045] 16 
180] 62805] 15 
3} 184) 62564] 14 
188] 62324! 13 
192} 62083} 12 
196} 61843] 11 
200} 61602] 10 
9 
208] 61121; 8 
212} 60880] 7 
216] 60639] 6 
220] 60398! 5 
9241 601571 4 
228] 599161 3 
232| 69675| 2 
2361 59434) 1 
240|1.5591931 _0_ 
Parts , 
for | Versed. 
“ “ 
UV» 
24° 


ee 


TABLE XXXVI. 


Natural Versed and Suversed.Sines. 
57° | 58° 
| Parts Parts 
Suvers. || Versed. sg Suvers. '| Versed. og Suvers. 
~~ 011-55919311455361| _0)1.544639/|470081| _011.529919. 184962 0} 1.515038 
58952\| 55605] 4) 44395|| 70327] 4| 29673! 4| 14789) 56 
58710|| 55849 8] 44151]| 70574) §| 29426 j 8} 14539] : 
58469|| 56093} 12} 43907)| 70821 29179|| 8 12} 14290 
582281 56337| 16| 43663 28932 17| 14040) : 
57987|| 56581] 20] 43419 28685|| 86% 21] 13791 
57745|| 56826) 24) 43174 28438 25} 13541 
57504|| 57070| 28] 42930 28191 3} 29] 13292 
57262|| 57314} 32] 42686 27944 58] 33| 13042 
57021) 57558] 37| 42442 27697 37| 12792 
_ 40; _56779| 57803) 41) 42197 _ Al} 27450;| 87457) 42) 12543 
45|1.556537||458047| 45/1.541953 45|1.527203||487707| 46/1.512293 
‘ 58292} 49] 41708 26956 50} 12043 
58536] 53| 41464 26709 4} 11793 
57| 41219/| 73 26461 11543 
61| 40975 26214|| 88 11293 
65| 40730 36} 25967 5 11043 
69| 40485 25719)| 89: 10793 
73| 40240 25472)| 894: | 10543 
77| 39996 25224 10293 
39751 : 24977 10043 
1.524729)|4905 87|1.509792! 39 
39261/| 75 24481 58 38 
39016] ; 24234 | 
38771 23986 
46851) 101 38526 23738 
47093) 105: 38281|| 76: 23490 
38035 58 23242 
37790 22995 
37545 22747 
37300 4) 22499 


127|1.537054 128}1.522251 -130/1.507288} ¢ 
36809 3} 132) 22002 sf 134| 07037 
36563 AG) 136} 21754 214) 138} 06786 
36318 141} 21506 MM} 142) 06536 
36072 145} = 21258); 93715} 146} 06285 
35827 149} 21010 ) 151) 06034 
35581 3 20761)| § 155) 05783 
35336 3 20513 3} 159} =—05532 
35090 20265)| 9- 163} 05281 
34844 __ 20016 168} 05030 
172)1.504779 
19519}| 9: 3} «=604528 
19271)| 9: 3 04277 
19022 04025 
18773}! ¢ 3} 03774 
18525 03523 
18276 03271 
18027) § 0302 
17778 2} 0276 
__ 17529 ; 02517 


—) 
£ 
S 


COND Oe Oo bo = 


“17031 02014 
16782 2 01762 
16533 5 } «6511 
16284 01259 
16035 ‘ 01007 
15786}| 9¢ 00756) 
15537 00504) 
ahenes 00252 


PERE SRE 
Versed. || Suvers. ry Versed. || Suvers. "a Versed. eet ec 


| 
| 


TABLE XXXVI. 


247 
Natural Versed and Suversed Sines. . 
i 60° 61° | 
yw a ” 
ess. Parts Parts | 
i Versed Lg Suvers. || Versed | for | Suvers. Suvers. sabe 
| 
0 15 0/1.500000/1515190| — 0|1.484810 
1 4)1.499748|| 15445] 4] 84555 
2 8! 99496]] 15699} 8! 84301 
3 12} 99244/| 15954] 13] 84046 
4 17| 98992|| 16208] 17] 83792! 
5 21] 98740|| 16463] 21] 83537 
6 25] 9S488|| 16718] 25) 83282) 
7 30| 98236|| 16972| 30] 83028 
8 34] 97983|| 17227| 34] 82773) 
9 38} 97731|| 17482} 3S] 82518 
10° 21] 42} 97479|| 17737| 43] 82263 
IL 46/1.497226|'517991| 47]1.482009 
12 50| 96974]| 18246 81754 
13 54] 96722! 18501 81499. 
14 58} 96469]] 18756 81244! 
15 63] 96217] 19011 80989 
16 67} 95964] 19266 80734 
17 71] 95711) 19521 80479 
18 5 75] 95459| 19776 80224: 
19 79| 95206|| 20032 T9968. 
20 _ 84) 94953]|| 20287 79713 
21 88] 1.494701/|520542| 89|1-4794: 58 
22 92} 94448|| 20797 79203 
23 96} 94195]| 21053 78947. 
24 100} 93942)| 21308 78692 
25 105] 93689|| 21564 78436) 
26 109} 93436|| 21819 78181. 
27 113] 93183)| 22074 77926 
28 117} 92930)| 22330 77670, 
29 121} 92677|| 22586 T7414 
| 30 126) = 92424|| 22841 77159 
31 131/1.4921701523097| 132]1-476903 1538509 
32 135| 91917/| 23353 76647, 
33 140] 91664/| 23608 76392 
34 144) 91411]| 23864 76136 
35 148] 91157} 24120 75880 
36 152| 90904|| 24376 75624 
37 156} 90656] 24632 75368 
38 161} 90397|| 24888 75112 
39 165| 90143)| 25144 74856 
40 169} _89890/|_ 25400 74600 
173 1.489636||525606| 17511.474344 
$9383]| 25912 74088 
§9129]| 26168 73832 
88875|| 26424 73576: 
88621]| 26680 73320: 
88367|| 26937 73063. 
§8114|| 27193 72807 
87860)| 2744¢ 72551, 
87606|| 27706 72204: 
87352| 27962 72038) 
216) 1.487098 [528218] 217|1-471782| 543678 
86844] 28475 71525; 
86590)| 28731 71269) 
86335|| 28988 710121 
86081] 29245 70755) 
85827/| 29501 70499) 
85573|| 29758 70242) 
85318]| 30012 69985) 
85064|| 30272 69728 
3 1.469472) 5.46009 


66901 


Versed 


oa ae 


1.469472; 


69215 
68958 
68701 
684.44 
68187 
67930) 
67673 
67416 
671458 


65615: 
65357! 
65100 


64327 


63038, 
62780 
62523 
62265 
62007 
__61749), 53802 


61233, 
60974 
60716 
60458 
60200 
59942 
59683 
§9425 
hey 


"58650 
58391 
58133 
57S74 
57615 
57357 
57095 
56839 
56580 


56063) 


55804 
§5545 
55286 
55027 
54768 
54509 
54259 


258 1.453001 | 5610: 


Versed || Suvers. 


6184: 
64585 


182 


“53731 
53472 
53213 
52954 
52694 
52435 
52175 
51916 
51656 


51397 


46458) 
46198 


~ 0|1.453991 453901" 60 | 


59 - 
58 
57 
56 
59 
54 
53 
52 
BF | 
50 


49 
5} 48 


32 
31 
30 


3} 29° 


45677 
45417 
45156 
44596 
44635 
44375 
44114 
43853 
43593 


5 “178|1-443332 


43071 
42810 
42550 
42289 
42028 
41767 
41506 
41245 
40984 


28 
27 
26 
25 
24 
23 
22 
21 
20 


19 


18 
17 
16 
15 
14 
13 
12 
Il 
10 


220/1.456322)|559277 


221)1-440723| 9 
40462| 8 
40200) 7 
39939] 6 
39678) 5 
39417; 4 
39155) 3 


361629 2690/1. 438371 


| ce ee 


1 
0 


TABLE XXXVI. 
Natural Versed and Suversed Sines. 


Suvers. || Versed. vx Suvers. 


49] 1.387784 

54) 87516 

58| 87247 
63| 86979) 46 
67 86711| 45 

72 86113) 44 
76| 86174! 43 
81! 85906] 42 
85) 85638) 41 
_89{__ 85369) 40_ 
93}1.385101' 39 
841832) ' 38 
103} 00616 $4564] 37 
16281)| 99651| 107] 00349 5 84295| 36 
16016|| 99917] 112/1.400083)) 1: 84027] 35 
15752)'600184| 116/1.39981 324 83758] 34 
15487|| 00451) 121} 9954 83490! 33 
15223)| 00717) 125! 83221| 32 
14958|| 00984 acing 31 
14693)| 01251 82653! 30 
~139}1.382415' 29 
ged 354] 143] 82146] 28 
97949 3| 148! 81877] 27 
97682 92| 152] 81608) 26 
97415) 157| 81339, 25 
97148 161} $1070) 24 
96881 166} 80801) 23 
06614 170} 80532! 22 
96347 175| 80263] 21 
96080 179} 79994) = 


184]1. 1.379725| 1 
95546 794156) 2 
95278 79187| 17 
95011 : Hess 16 
94744 2! 78649! 15 
94477 78379 14 
94209 78110| 13 
93942 77841| 12 
93675 T7571| 1 
93407 224) 77302) 10 
229|1.377033|  § 
92872 76763! 
92605 76494 
92337 76224 
92070)| 2: 75955 
91802 : 75685 
76591 : 91534\| 2 75416 
76854 ; 91267|| 248 75146 
90999 74876} 
\coo269 267|1-390731||6% 269} 1.374607] 
Farts | 
Suvers | for 9 Versed. || Suvers. 


ce 
115° 


<7 


lomwemaare 


f Ot 

, 60: | . 265|1-406737 
ji — 

| 


Vers 


ee 


TABLE XXXVI. 249 
Natural Versed and | Suversed Sines. 


68° 69° 


| | 
Parts | 
Suvers, || Versed 73 Suvers, | Versed for 


‘Parts! 


> | ¢ 
Suvers. _ Versed - Suvers. 


0 \s25303| —oli.374607||641632| — o|1.358308| CSTOSO| — Ol.342020| 674432] 6 11:33556s|G0- 
1 | 20663 41904] 5] 58096] 58253] 5] 41747/ 74707} 4] 52031 56 
2 | 25933 42175] 9 5725 58527] 9} 41473) 74952; 9} 25015] 58 
3 | 26203 42447] 14} 57553] 58800] 14] 412001) 75257] 14] 21743) 57 
4 | 26172| 1 42719] 18} 57251|| 59073] 18| 40927|| 75532] 18] 241468) 56 
5 | 26742 42990] 231 57010)! 59347] 231 40653// 75507| 23] 24193] 55 
6 | 27012 43262| 27| 5673s] 59620] 27| 40350|| 76083] 27] 23917| 54 
7 | 27282 43534] 32! 56466|| 59894) 32) 40106/| 76358] 32} 23642} 53 
8 | 27552 43806] 36| 56194|' 60167| 36] 39833! 766331 37| 23367} 52 
9 ‘ 278221 41 44077] 41] 55923|| 60441) 41] 39559/| 76908] 41] 23092] 51 
10 | 28092 44349| 46) 65651|| 60715|_46|__ 30285; 77184] 46] 22816) 50 
Il [628362 14621 50,1-355379) 600088 §0/1-339012),677459] 6 1/1-322541| 49° 
12 | 28632 44893| 54] 55107h 61262 3873s|| 77734, 83] 22266) 48 
13 |-25902] 5¢ 45165| 59| 54835|, 61536 38464]| 78010] 60} 21990} 47 
14 | 29172 45437| 63] §4563|| 61809 381911, 75285, 64] 21715] 46 
15 | 29443 45709] 68} 54291)) 62083 37917|| 78560| 69 21-4401 45 
16 | 29713 45981| 73} 54019!) 62357 37643]| 78536} 74] 21164) 44 
17 | 29983 46253| 77| 53747|) 62631 37369|| 79111] 78| 20880] 43 
18 | 30253 46525| 82! 53475] 62905 37095|, 79387; 83| 20613] 42 
19 | 30523 46797| 87| 53203! 63179 368211] 79663) 87| 20337] 41 
20 | 30794 47069|_91) _ 52931) 63452] 91] _3654>|) 79938) 92] 20062) 40 


“ar lesi06i\—Gsl ces, ‘650214! 9GH.319786] 39 


22 | 31335 100} “52386 61000 1 eqn00 S040! TOL] 195L1] 35 
23 | 31605 3} 105] 52114) 64274 35726|| 80765! 106] 19235] 37 
24 ' 31875 55] 109} 51842) 64548 35452|| stot] LL0] 189591 36 
25 | 32146 114] 51569) Gisze 351781 SI3B1G] 115! 186841 35 
26 | 32416 115] 51297]: 65097 34903]} 81592! 119] Ls40s! 34 
27 | 32687 123) 51025], 65371 34629]] 81868] 1244 181321 33 
28 | 32057 127; 50752|| 65645 34355|| 82144] 128] 17856] 32 
29 | 33228 132} 50480! 65919 34081|| 82419] 133] 17581! 3t 
30 | 33199} 1 136, 50297|) 66193 3380711 52695| 138] 17305! 30 
3L 1633769) 140) 1.366231] 650065| 141/1-349935 666467 “14211.333533)|682071| 143/1.317029] 29 
32 | 31040] | 145 33258 25 
33 ° 34311 150 32084 16477| 27 
34. 34542. : 155 32710 16201] 26 
35 | 34552 65148 15 32436 15925] 25 
36 | 35123 64877 164 32161 15649] 24 
37 | 35394 61606 168 31887 15373] 23 
38 | 35665 64335 173 31612 150097] 22 
39 | 35936 641064 177 31335 14821} 21 


AO | 36207 63793) 52519| 182 | 68937 31063 14545] 20 
Al |636475| 185]1.363522 652791 “186 1-347209), 669211| 187|1.330789 '635731| 189|1-314269} 19 
42 | 36749) 189] 63251|) 53064] 191 30514 13993} 18 
43 | 37020] 194) 62980]! 53337] 195 30240 13716] 17 
44 | 37291] 198] 62709]| 53610} 200 29965 13440] 16 
45 | 37562] 203} . 62438]| 53883} 205 29691 13164) 15 
46 | 37833) 207] 62167|| 54156} 209 29416 12888} 14 
47 | 38104) 212) 61806]| 54429] 214 29141]} 87389| 216} 12611] 13 
45 | 35375] 216) 61625]] 54702] 218 28867|| 87665} 221] 12335] 12 


49 | 35647) 221) 61353)| 54975} 223 
50 | 38915} 226) 61082)! 55245 228) 44 
51 |639159] 230) 1.360511]/655521 232 1-344479 671958 5 


28592|| 87941] 225|> 12056 
28317|| 88215] 230} 1 


52 | 39460] 235] 60540|} 55794 237! 27768|| 88771] 239} 11229} 8 
53 | 39732/ 239] 60268)| 56067] 241 27493 89047; 244} 10953] 7 
54 | 40003] 244) 59997]| 56340] 246; 43660]| 72782 27218 2148 10676] 6 
55 | 40275] 248] 59725)| 56613] 250] 43387|| 73057 26943 Eaibo! 253] 10400! 5 


26668)! 89877! 258 
26393|! 90153\ 262 
261181} 90439] 267 
,258i3) 90706) 271 


96 | 40546] 253) 59454]! 56887) 255) 43113}) 73332) 
97 | 40517] 257| 59153]! 57160] 259) 42840); 73607) 3 
55 | 41089| 262! 58911]}. 57433) 264) 42567}| 73882 
99 | 41360) 266) 58640]! 57706] 268} 42294)! 74157 
60 641932) 271)1-358368}|657980 273)1-342020|/674432) 2 


[Parts Parts Parts , 
= Versed. |! Suvers. eg Versed. Versed. || Suvers. = Versed. i 

= Ree ciaeeees lia enna 
113° 110° 108° 


TABLE XXXVI. 


$$ a 


ne 


29° 
28 
27 


, 26 


25 
24 
23 
22 
21 
20 
19° 
18 
17 
16 
15 
14 
13 
12 
ll 
10 


iene 


250 
Natural Versed and Suversed Sines. 
/ ri | fe 74 i 7a 3 
e Parts Parts laa | |Parts' 
Vers.| Vorzed ne Suvers. | Versed for | Suvers. | Versed Be | Stivers. || Versed |" for | Suvers. 
“0 La G83;  O1-309017 l7o7G28| 0 0|1.292372| 721363 a 275637 ||741181| 0} L-258519 
1 | GSlz60! 5] 87401] 07906 92094]) 24642) 5} 75358)! 41462) 5) 58538 
2 | 91536) 9} 054641) OS185 91815}| 24922 9} 75978) 41743 QQ 58257) 5 
31 gists! 14| osis7i! 08163) 14] 91537/] 252021 14) 7479s/| 42924) L4l 57976 
4 | 92090} 18] O7910)| 08741) 19) 91259]| 25481] 19) 74519 42305, 19} 57695 
5 | 92367] 23] 07633)} 09019) 23) 90981]| 25761) 23) 74239)! 4 2536 23) . Sarees 
G6 | 926143} 25) 07357]| 09298} 28) 90702); 26041) 28) 73959)| 42807) 28) 57133 
1 7 92920} 32] _07080!] 09576} 32! 90424) 26321] 33) 73679)| 43148} 33) 56852! : 
8 | 931071 37) 06863]| 09854) 3 90146]; 26600) 37| 734090|| 43429} 37) 56571 
9 | 93474] 42! 06526'| 10133} 4: 89367|| 26880} 42; 73120|| 43711) 42) 56289 
10 | 9375 46} 06249]) 19411] 46 __ 89589 27160) 47| 72840}| 43992 _ AM 56008 
“TL 1694928] 51/1.305972 710690| “§11.289310 .2893101/727440| 51 1.272560 744273 52 1.255727 
12 | 94305) 55) 05695}! 10968 om 89032)! 27720) 5 72280|| 44554) 56) 55446 
13. | 94582} 60] 054138}| 112471 60) 88753 28000! 61! 72000) 44835) 61 55165 
14 ' 94859 65: O51411 11523 GS 88475'| 28280. 65. 71720 45117) G66) 54883 
15 | 95136, 69, 04864/| 11804{ 70} 88196|| 28560! 70| 71440/| 45398! 70} 54602 
16 | 95413) 74} 045871} 12082) 74) 87918]| 28839] 75) 71161|| 45679) 75) 54321 
17 | 93690] 7S} 04310!) 12361) 79) 87639)| 29119} 79) 7OSS1|| 45961} 890! 54039 
18 | 95967) 83 04033)| 1263 84} 87361" 29400} 84) 70G00\| 46242! 84 53758 
19 ; 96214; 88 03756]| 12918) 88! 87082!) 29680} 89! 70320]! 46523) 8 o3477 
20 | 96521, 92} _03479]| 13197] _93|__86803] 29960] 93) __70010/| 46805] 94) _53195 
21 \696798} 97:11.303202 713475 ~ 98 1-286525 -286525! 730240 98 1.269760 747086 95} 1.252914 
92, | 97376} 102 02924]! 13754) 102; 86246)| 30520 103} 69480|| 47368} 103! 52632 
23 | 97353) 106 02647|| 14033] 107} 85967/| 30800] 107; 69200]| 47649] 108: 52351 
24 | 97630) 11 02370)| 14312) 1 12| 85688) 31080) 112} 68920]! 47931) 113, 52069 
25 | 97907| 116 02093]} 14590] 116 854105} 31360) 117) 68640|| 48212) L17) 51788 
26 | SSis5! 1290 O1S15]| 14869) L21 851 a1 31641} 121) 68359)} 48494) 122) 51506 
27 | 98162) 125 01533]| 15148} 126) 845852!) 31921] 12 68079]| 48775| 127; 51225 
A} 28 | 98739; 139 01261)| 15427 130) 84573!| 32201] 131° 67799) 49057} 131 50943 
299 | GOO17| 134 00983)| 15706) Te 33) 84291/| 32481 135, 67519}| 49338} 136} 50662 
30 | 99294 139 09705]! 15985] 139 84015) 32762] 140: 67238]| 49620) 141 50380 
$1 1699572) 143]1.30042S)/716264| 144)1.253736)|733042) 145 1.266958)|749902| 146/1-250098 
$2 1699849) 145}1-300151]} 16542) 149] 83458)} 33322) 150) 66675)) 50183) 150) 49817 
33 1700127) 153/1.299873]] 16821] 154! 83179'| 33603] 154 66397]| 50465) 155) 49535 
34 | 00404) 157 99596! 17100] 158} 82900)} 33883] 159' 66L17]| 50747) 160} 49253 
35 | 00652) 162 99318] 17379) 163; 62621|| 34163! 164)  65837'| 51028) 165 48972 
36 | 00959] 167} 99041)]| 17658] 168! 82342) 34. 44 169 = 65556)| 51310! 169) 48699 
37 | 01237) 171 98763)| 17938) 172} 82062 347 24 173| 65276)| 51592) 174) 48108 
38 | 01514) 176] 98456)} 18217] 177; $1783)} 35005} 178] 64995]| 51874; 179) 48126 
39 | 01792) 181} 958208]| 18496) 182) 81504)! 35285) 183} 64715]| 52155) 183) 47845 
40 | 02070! 185 §7939)|| 18775! 186} 81225!) 35566) 187; 64434]| 52437) 188) 47563 
A] 1702347! 1909)1.297653}'719054) 191/1-250916 735846 192) 1.264154]|752719 193] 1.247281 
42 | 02625] 195 97375]| 19333] 196} 80667!) 36127 197| 63873]| 53001) 198) 46999 
43 | 02903) 199] 97097]! 19612) 200! 80388)! 36407) 201 63593)| 53283) 202; 46717 
44 | 03181] 204) 96S8I19I} 19892) 205) 80108) 36688! 206) 63312)) 53565) 207! 46435 
45 | 03458] 208} 96542 20171; 210) 79829) 36969) 211 63031!! 53847} 212; 46153 
| 46 | 03736) 213) 96264 | 20450) 214) = 79550'| 37249) 215) 62751] 54129] 216) 45871 
417 | O4014; 218} 95986|) 20730; 219 79270! 37530] 220; 62470); 54411) 221 45589 
48 | 04292! 222) 95708]| 21009 224) 7 S991! 37811} 225)  62189)| 54693) 225) 45307 
49 | 04570} 227 95430); | 21288) 22% 78712) 38091 230) 61909)| 54975! 239) 45025 
930 04848) 231 951 ___951532}) 21 21563) 233) 78432) 38372 38372) 234' 61628)]| 552: 55257 235 __ 44743 
51 705126 236 1.294874 29487 4 72187 238) 1. 278153, 738653 239 1. 261347) 1755539: “240 1.244461 
52 05104) 241 94596)| 22126) 2 77874 38934 244! 61066'| 55821! 245} 44179 
53 | 05682) 245} 94318]| 22406) 247, 7754) 39215} 248 60785); 56103' 249 13897 
54 | 05960!) 250; 94040)| 22685! 252) 77315'| 39495! 253) 60505 56385, 254 43615 
55 | 06235, 254) 93762)| 22965) 256) 77035!) 39776) 258 60224 56667| 259| 43333 
56 slag 259| 934184!) 23244) 261) 76756)| 40057 262! 59943]| 56949) 263) 43051 
57 | 067941! 264) 93206)) 23524) 2 76476)! 40338] 267} 59662|| 57231) 268} 42769 
58 07072! 268! 9292s|| 23803] 270 76197! 40619} 272) 59381)| 57514| 273' 42486 
59 | 072: 50! 273) 92650); 24083, 275) 75917)| 40900 276) 59100)|| 57796| 277 42204 
60 doh 27711. ae 724363| 279) 1-275637|\741181| 281'1 -258819)|758078| 252/1-241922 
\Parts' Parts| Parts t 
» | Suvers. | ioe | Versed. | Severe ios Versed. || Suvers. i Versed. || Suvers. for Versed. 
Ven. foe i ogi snnaly fac, th ll ceed ea 
107° 106° 105° 104° 


TABLE XXXVI. 
Natural Versed and Suversed Sines. 


Suvers. || Versed | for | Suvers. 


|- -I755075| OL. 241922 ‘775046 ~ GLL22495 111792088 


0 011.20791z'|509191| — Ol1.190809! 60 
1 | 58360} 5} 41640] 24665|| 92373] 5| 07627/! 09477 90523! 59 
2 | 58643} 91 41357 24354|] 92657| 9] 07313] 09762) 10) 90235) 58 | 
3 | 58925] 14] 41075 24101 929421 14] 07055] 10043] 14] 89952) 57 | 
4 | 59207) 19 40793 89667) 56 
5 | 59490] 24] 40510 23534| 93511| 24) O6480'] 10619] 24] SO351) 55 
6 | 59772| 28] 40228 23250|| 93796] 28] 0620-4] 14905! 291 sgu95| 54 
7 | 60054) 33] 39946 22987|| 941080] 33} 05920'| 11190! 33] sssiol 53 
8 | 60337] 35] 39663 22683|| 94365] 38] 05635/| 11476 38! ss5z4! 52 
9 | GO6IS| 43] 39381 22399)| 94650] 43! 05350] 11761} 43] 8sy3u} 51 
10 | 60902] 47] 39098 47} 22116]| 94934] 47| _05066|| 12047} 48; 87953) 50 
11 |761184| 52/1-238816|77816S| _52]1-221832||795219| _52/1.204781/812333) 52/1.187667| 49 


12 | 61466] 57) 38534 21549)| 95504) 57) O4496) 12619) 57; 87381} 48 
13 | 61749} 61) 38251 21265)| 95789} 62) 04211)} 12904) 62) 87096] 47 
14 | 62032} 66) 37968 20981|| 96073] 66) 03927|) 13190) 67) Ss6SL0| 46 
15 | 62314] 71) 37686 20697|| 96358) 71} 03642) 13476) 71) 86524) 45 
16 | 62597| 75) 37403 20414/| 96643) 76 03357) 13762| 76} $6238} 44 
17 | 62879} 80) 37121 20130)| 96928) 81} 03072) 14048} $1) 85952) 43 
18 | 63162} 85) 36835 19846)| 97213} 85] 02787|) 14333] 86; 85667) 42 


23817|| 93227| 19] 06773] 10333! 19 


19 | 63444] 90] 36556 19562|| 97498] 90] 02502!| 14619} 91} 85381] 41 
20 | 63727|_ 94] 36273 19279] 97782] 95] _02218I| 14905) 95] 85095) 40 
21 |764010) 99|1-235990 1.218995 798067] 100|1-201933/|815191) 100|1.184809| 39 
22 | 64292] 104! 35708 18711|| 98352! 104! 01648|} 15177! 105] 84523] 38 
23 | 64575] 109| 35425 18427|| 98637) 109| 01263, 15763! 110] 84237; 37 
24 | 64858] 113, 35142 18143| 98922] 114] 01078|| 16049] 115. 63951) 36 
25 | 65141] 118) 34859 17859] 99207] 119| 00793!| 16335! 119] 63665, 35 
26 , 65423] 123] 34577 17575| 99192] 123] 00598]] 16620! 124) 83350! 34 
27 | 65706| 127] 34294 17292 |79777| 128)1-200223)| 16906) 129] s3u94 33 
28 | 65989] 132] 34011 17008 |800962| 133)1-199935|| 17192, 134) S2508) 32 
29 | 66272] 137] 33728] 16721) 00347| 138| 99653) 7478 138) $z52z! 31 
30 | 66555| 141] 33445 142] 16440] 00632] 143] 99368) 17764| 143] 82236, 39 
31 |766837| 146|1-233163 147|1-216156|800917| 147|1-199083!|815050' 148|1.181950! 29 
32 | 67120] 151| 32880 15872| 01202) 152; 9879s|| 18336, 153] 81664! 28 
33 | 67403] 156] 32597 15588| 01487] 157) 98513|] 186231 157! 81377) 27 
34 | 67686] 161] 32314 15304| 01772] 162) 98225)) 18909 162) BLvOl) 26 
35 | 67969] 165] 32031 15019| 02057| 166) 97943|| 19195) 167] 80805) 25 
36 | 68252] 170] 31748 14735| 02343] 171} 97657|| 19451, 172] $0519; 24 
37 | 68535] 175] 31465 14451 | 02625] 176] 97372] 19767! 176, 80233) 23 
38 | 68818] 179} 31182 14167 | 02913] 181] 9787|| 20053) 181] 79947] 22 
39 | 69101] 184} 30899 13883| 03195] 185] 96802 186} 79661] 21 
40 | 69384] 189] 30616 13599} 03483} 190] 96517) 20625) 191) _ 79375) 20 
41 |769667| 194]7-230333 195/1-213315 '803769] 195)1-196231 195!1-179088' 19 
42 | 69950] 198] 30050 13030| 04054] 200) 95946 21198] 200| | 788021 18 
43 | 70233] 203) 29767 12746] 04339] 205] 95661)| 21484) 205] 78516: 17 
44 | 70516] 208] 29484 12462| 04624] 209] 95376|| 21770! 210] 78230. 16 
45 | 70800] 213] 29200}! 12178} 04910] 214] 93090|| 22056, 214) 77944) 15 
46 | 71083] 217| 28917 11893}| 05195] 219] 94805|| 22343) 219] 77657) 14 
47 | 71366] 222} 28634 11609} 05480] 224} 94520)] 22629! 224) 77371] 13 
48 | 71649} 227] 28351) 11325)| 05766] 228] 94234|| 22915) 229] 77085! 12 
49 | 71932] 232} 28068 11640| 06051] 233} 93949]| 23202} 234] 76798) 11 
50 | 72216| 236] 27784 10756| 06336] 238] _ 93664|| 23488, 238|__76512| 10° 
51 (72499) 241|1-227501|/789528 242|1.210472 S0GG22| 213/1-193378|823774) 243|1.170226 


10157,| 06907] 247; 93093); 24060! 248) 75940 
09603 | 07193) 252) 92807)| 24347) 253) 75653 
O%19,, 07475) 257) 92522)| 24633) 257| 75367 


52 | 72752) 246) 27218 
35] 250) ~=—26935)| 90097] ¢ 
255} =26651)| 90381) 2. 


Bt} 
8 
7 
6 
55 | 73632] 260] 26368]| 90666 09334) 07763} 262; 92237|| 24920) 262) 75080) 5 
a | 73915) 265) 26085]| 90959 090. 50) 08049} 267| 91951)| 25206) 267| 74794) 4 
TAL99 269; 25801|| 91235 08765;| 05334] 271 91666)| 25492] 272) 74508) 3 
4s | T4482) 274, 25518)| 91519} 275 08481) 05620] 276} 91350} 25779] 276) 74221) 2 
59 | 74765| 279) 25235)! 91804) 280} 08196)| 08995/ ¥8l; 91095)) 26065} 281] 73935) 1 
60 |775019) 253] 1-224951||/792088) 284/1.207912)|S09191| 285/1-1908095826352} 256) 1.173648 Tae, 
‘Parts Parts ) Parts; \Parts ' 

. Suvers.| for | Versed || Suvers.| for | Versed :| Suvers.| for Versed ied for | Versed 
uw A \| | " ” 
Vera. |————_ ~ we Suv. 

| 103° 1029 ] 101° 100° 


[ 259 TABLE XXXVI. 


Natural Versed and Suversed Sines. 


— a eerie 


80° | 81° | gg° 83° | 
scaic'2 Sg aOR at -_~ ; A 2 —— 
Parte Parts I |Parts |Parts| | 6 4 
| Versed for | Suvers. |, Versed aid ! Suvers. | ue 


I 
0}1-173548 34356. 3 EO 1.156435 |'860827| _0|1-139173||87813 

S| 73362 43553) 3} 56147), GLLLS| = =5| = 38885 

10! 73075| 14140 10) 55860) 61403] 10) 38597 
14) 72750) 44427; 14) 9 55573!' 61691; 14) 38309 
19} 72502} 44715) 19) 55255)) GI979) 19) 35021 
24, 72216] 40002) 24) 54998) 62267) 24] 37733 
291 71929] 49290! 29) 54710), 62555 si 37445 

8 


~ O}1.121869) 60 
5} 21581) 59 
10) 21292) 58 
14| 21003) 57 


33| 71643] 45577 33] 54423) 62544} 34! 37156 
38) 71356'| 45864; 38} 54136), 63132| 38) 36868 
43) 71069 46152) 43) 53845) 63420, 43] 36580 
48| 70783| 46139] 45) 53561) 63708] 48) 36292 

\§20504| 52|1-1704196:816727| _53|1-153273' 863996 ~ 53)1-136004)|s 
12 | 29790| 57|  7210'| 47014, 57] 52986) 64254 35716 

| 


_ 48! 18982} 50 

53] 1.118693! 49 
58| 18404] 48 
63| 18115] 47 
671 17826) 46 


43} 1927 : 


30077 69923'| 47302] 62} 52693|) 64573 62) 35427 
30364 69636 47509! 67| 52411]) G4861' 67] 35139 


15 | 30650 69350 ATe77|_ 72) =-52123); Go149) 72) 34851 72| 17537) 45 
16 | 30937 69063) 45164) 77) 51536), 65437) 77| 34563 
17 ; 31224 68776) 45452) 81) 51545); 65726) §2| 34274 


68459] 48739} 6 
68203! 49027] 91 
67916), 49314] 96 


51261|| 66014] 86] 33986 
50973|| 66302] 91] 33698 
50686], 66590] 96] 33410 
= “TO1{1-150398|866879. 101|1-133121 


19 | 31797 


18 | 31511 
20 | 32054} 96 
2h; 632371 Toot. 167629: 


96) 16093) 40_ 


101 1.115804 39° 
15515} 38 


ADS58S SOLLL 106) 32833 


93 | 32044 110 67056! 50177| LIL] 49823 110} 32545 15226| 37 
24 | 33231 115] 66769] 50465] 116} 49535 115] 32256 14937| 36 
25 | 335!8] 119] G64s2)| 50752) 120, 49248 120] 31968 14648) 35 
26 | 33805, 124) 66195, 51040, 125} 48960 125| 31680 14359) 34 
97 | 340921 129! 65908)! 513281 130] 48672 130} 31391 14070) 33 
28 | 34379! 134] 65621! 51615) 135} 48385 134} 31103/| 86219 13781) 32 
29 | 34665] 133] 65335)! 51903) 140} 48097 139| 30815}| 86508 13492) 31 
30 | 34952) 143|__ 6504s! 52191) 144) 47809 144} — 30526|) 86797 13203] 39 
1.164761) 852478] 149 


31 (835239 ar 887086] 149 


1.147522) 869762] 149] 1.130238 238) 


3» | 35626. 153} 64474), 52766] 153] 47234 154} 29949)| 87375 12625! 28 
33 | 35813’ 158! GAls7!) 53054) 158] 46946) 159 20661 12336] 27 
34 | 36100) 163| 63900! 53341) 163] 46659) 163} 29373 12047) 26 
35 | 36357, 167] 63613! 53629 163] 46371 168) 29084 11758) 25 
36 | 36674| 172| 63326!' 53917] 172] 46083] 173| 28796 11469) 24 
37 | 36901) 177] 63039, 54205) 177| 45795 178| 28507 1110} 23 
38 | 37248) 182, 62752! 54492) 182) 45508 183} 28219 10891} 22 
39 | 37539! 187! 62465) 54780, 187] 45220 187} 27930 10602) 21 
40 | 378221 191| _G217s|] 55068; 192} 44932 192} 27642|| 89687 10313, 20_ 
“41 '838109) 196)1-16159T)| 855356, 196|1-144644 | 872647) 197|1-127353) 198|1-110023' 19 


42 |} 38396 
43 38653 


203 posits 18 


208} 09445) 17 


201; 61604) 55644! 201| 443561! 
206 est 55932) 206] 44068) 


77| =17249) 44 i 
82! 16960) 43 
87| 16671) 42 
91} 16382) 41 
t 


44 | 38970; 210! 61030!) 56219 211) 43781 212; 26488 212) 69156) 16 
| 45 | 39257| 215 60743) 06507) 215) 43493: 21 26199 217) | 08867) 15 


222} 08578| 14 
227| 05289! 13 
2311 07999) 12 
236} 07710) LL 
241} 07421] 10 
| 245) 11071321 9 
250} 06843! 
255} 06533) 
260} 06264 
265| 05975 


47 | 39832) 225 60163) 57053) 225) = 42917/| 
48 | 40119) 230) 595881); 5737L' 230) 42629 


49 | 40406] 234} 59594) 576591 235) 42311 236 
50 | 40693, 239 59307) 57947) 240) 42053 75244 240 
57 lod0980) 24411-150020'\858285 211141765 '875533) 215|1- 124407 5028 
24179) 93157 
23590) oat 
23602) 736 
23313) | oa 123 


52 | 41267, 249] 58733!) 58523) 249 ALAT7| 7 75821) 250 8 
53 | 41555) 254) 584451 S881] 254] 41189! 76110 255 7 
54 | 41842) 258 58158) 59000; 259 atl 7433081 260 6 
55 | 42129) 263) 57871) 59367) 264 40613) 76687| 264 5 
56 | 42416) 268 57584) 59675) 268] 40325), 76976) 260] 23024) 91314) 270) 05086) 4 
57 | 42704| 273| 57296|| 59963) 273) 40037! 77264 274| 22736) 946.4 ty 05398 3 
278| 397419) 77553! 279} 22447) 94x03) 279 2 

1 

0 

Suvers.| for | Versed. 


E 39544) 220 604565, 96799) 220) 43205.) 
| 
| 
\ 
te 42991) 277, 57009) 69251 05107) 


59 | 43278] 282 56722) 60539) 253] 39461); 77342) 254 22158)| 95132) 284) 04818. 
69° $43565| 287)1- 156435 3027 287) 1. 139173) S78131 258) 1-12 121869 895471 2591. -104: 529 
rere Parts [ie \Parts 
Suvers. | ae Versed. | Suvers. for | Versed. eat for | Versed. 


96° 


TABLKF XXXVI. 253 
Natural Versed and Suversed Sines. 


| 85° 86° 872 ae 
ee A ait de gn abet Aeon TS an MM ote ANG oot Sie Race eames tp, me “ 


‘Pests Parts| 


Versed j - Suvers. 


895471| 0,1.104529)'912544 0,1-087156, 930243) ~~ 0|1.069757|'947664| — 0)1.052336! 60 
95761| 5} 04239)! 13134 i 86866)| 30534) 5) 69466|| 47954) 5| 52046) 59 


86576}| 30824) -10) 69176)| 48245) 10) 51755] 58 


| 
Vere! Versed for | Suvers. 1 Versed | on Suvers. || Versed va Suvers. 
96050, 10} 03950)| 13424; 10 


3 bed 14) 03661|) 13714) 15) §6286)| 31114) 15] 68886)! 48535) 15) 51465) 57 
4 19, 03371|| 14003) 19, 85997)| 31404; 19) 68596)) 48826; 19) 51174) 56 
5 D6018 24) 03082|| 14293) 24) 85707|| 31694) 24] 65306) 49116) 24) 50884) 55 
6 | 97207| 29) 02793); 14583) 29) 85417|| 31985) 29) 68015)| 49407; 29) 50593) 54 
7 | 97497) 34) 02503)! 14873) 34) 85127|| 32275, 34) 67725|| 49698) 34) 50302) 53 
8 | 97786; 39} 02214/| 15163) 39) 84537|) 32565) 39) 67435)| 49988} 39] 50012) 52 
44} 67145|| 50279) 44) 49721) 51 
__ 48) 66854)| 50569) 48) 49431) 50 
53/1-066564|/950860; 53)1.049140} 49 
58} 66274)| 51150) 58) 48850) 48 
63} 65984|| 51441} 63) 48559) 47 
68} 65693!| 51731; 68] 48269] 46 
73| 65403/| 52022) 73) 47978] 45 
77| 65113)]| 52312) 77| 47688) 44 
82} 64823)]| 52603) 82) 47397) 43 


9 | 98075] 44] 01925|| 15453) 44] 84547|| 32855 
10 | 98365] 48] 01635} 15742] 48] 84258|| 33146 
II (898654) 53/1-101346|916032|  53/1.083968 |933436 
12 | 98944 58| 01056|| 16322] 58| 83678) 33726 
13 | 99233} 63] 00767|| 16612} 63] 83388 
14 | 99522] 68] 00478|| 16902) 68| 83098)! 34307 
15 [899812] 72'1.100188|| 17192| 73! 82808)| 34597 
16 |900101| 77|1.099899|| 17482] 77| 82518'| 34887 
17 | 00391) 82| 99609]| 17772| 82} 82228|| 35177 
18 | 00680} 87| 99320|| 18061] 87] 81939] 35468| 87} 64532|| 52893] 87| 47107| 42 
19 | 00970, 92} 99030] 18351] 92) 81649] 35758 


92} 64242); 53184) 92) 46816) 41 
20 | 01259) 97| 98741)| 18641) 97) 81359) 36048) 97)  63952)| 53475] 97) 46525) 40 


21 (901549) 102)1.098451)|918931 102 1.081069 |936339 936339] 102|1-063661||953765| 102|1.046235! 39 
22 | 0183S| 107| 98162\| 19221] 107| 80779!| 36629] 106] 63371|| 54056| 106] 45944] 38 
23 | 02128) 112; 97872|| 19511} 112} 80489) 36919) 111} 63081); 54346) 111] 45654! 37 
24 | 02417/ 116; 97583)| 19801} 116 80199) 37209} 116} 62791); 54637) 116) 45363! 36 
25 | 02707| 121) 97293]| 20091] 121} 79909] 37500) 121, 62500); 54928) 121] 45072! 35 
26 | 02996) 126} 97004|} 20381) 126; 79619) 37790) 126] 62210)| 55218) 126) 44782) 34 


27 | 03286) 131} 96714)| 20671] 131} 793 329) 38080) 131} 61920}; 55509) 131} 44491) 33 
28 | 03575) 136) 96425}| 20961) 136 79039) 38371} 136} 61629)| 55799) 136) 44201) 32 
29 | 03865} 141) 96135}! 21251) 141 ~ T8749, 38661} 140} 61339|| 56090; 140) 43910) 31 
30 | 04154) 145] 95846)| 21541] 145] 78459! 38951! 145] 61049|| 56381] 145] 43619] 30 


“81 1904444) 150'1.095556 


‘921831| 150)1-078169 |939242] 150|1-060758||956671| 150|1-043329| 29° 
32 | 04733) 155| 95267 


22121) 155) 77579} 39532) 155 60463|| 5 56962} 155) 43038) 28 


33 | 05023] 160} 94977|| 22411] 160] 77589] 39822) 160] 60178)| 57252) 160] 42748) 27 
31 | 05312! 164 94688!| 22701] 164| 77299'| 40113] 165} 59887|| 57543] 165| 42457] 26 
35 | 05602] 169} 94398|| 22991! 169] 77009] 40493! 169) 59597)| 57834] 169) 42166) 25 
36 | 05892) 174! 94108)| 23281] 174 76719] 40694) 174] 59306|| 58124) 174] 41876) 24 
37 | 06181) 179, 93819) 23571 179} 76429 40984] 179| 59016|| 58415| 179] 41585) 23 
3% 06471] 184] 93529!| 23861| 184/ 76139) 41274) 184] 58726]! 58706] 184] 41294] 92 
39 | 06760} 189} 93240!| 24151] 189] 75849] 41565] 189, 58435|| 58996) 189] 41004! 21 
4) | 07050) 193} 92950)| 24441] 193) 75559} 41855 194 58145|| 59287| 194} 40713] 20 
“AL (907340) 198! 1.092660|'924731] 198|1-075269 '942146| 198'1-057854|}959578| 19SIT.040422| 19 
42 | 07629] 203] 92371\| 25021! 203| 74979|| 42136) 203! 57564|| 59868} 203] 40132) 18 
43 | 07919, 208} 92081!| 25311] 208/ 74689/| 42726) 208] 57274|| 60159! 208] 398411 17 
44 | 08209] 213| 91791]! 25601] 213 74399] 43017} 213} 56983|| 60449) 213] 39551! 16 
45 | 08498! 218) 91502/| 25891/ 218] 74109] 43307] 218] 56693 60740) 218] 39260! 15 
46 | 08788! 222i 91219)! 26182! 222} 73518] 43598] 223] 56402!|. 61031} 223 $8969) 14 
47 | 09078| 227| 90929!| 26172) 227| 73528| 43888} 227; 56112! 61321} 227/ 33679] 13 
48 | 09367] 232} 90633|| 26762! 232] 73238'| 44178] 232) 55822 61612) 232] 38388] 12 
49 | 09657| 237] 90343|| 27052! 237] 72948)| 44469) 237] 55531|| 61903) 237] 38097] 11 
50 | « 09917} 242} 90053/| 27342] 242) 72658] 44759) 242} 55241|| 62193) 242) 37807} 10 
51 sil 247|1.089 089764/'927632| 247|1.072368 1915050! 247|1.0549501|/962484! 247/1.037516] 9 
52( 10528) 959)” gorzall ozgzul 2591 720781 45340! 252] 54660|| 62775! 2521 37225| 8 
53| 19816) 957] sorsal) aeat2! 257| 71788 456311 257| 543691 63966) 257| 36934] 7 
11196) 561) gsso4il 28503! 2611 714971 45921! 261] 540791! 63356! 261] 36644! 6 
55| 11395! ogg! —ss605|| 28793 266] 71207| 46212] 266] 53788|| 63647| 266] 36353) 5 
56| 11685] 271| 88315|| 29083] 271] 70917 46502} 271] 53498]! 63938) 271] 36062| 4 
57| 11975) =16| 88025|| 29373) 276] 70627) 46793} 276] 53207)| 61228) 276 35772) 3 
| 5! 12263 281| 87735|] 20663] 281) 70337) 47083| 281} 52917]| 64519) 281} 35481, 2 
| oY | Lévud| 285] 87446]] 29953! 285] 70047! 47374] 286] 52626 64810) 236] 35190] 1 
60 {912544) 290/1.087156||930213) 290)1.069757 |947664) 290)1.052336 965101) 20 290} 1.034899] 0 
| Parts! Parts Parts | Parts ’ 
Suvers.| for | Versed. || Suvers.| for | Versed. || Suvers.| for | Versed. | Suvers.| for | Versed. 
" “ | W | 7) | ” ” 
| 5 a nena. aceite cas ee sine Suv. 
| 


254 TABLE XXXVI. 


7 
Natural Versed and Suversed Sines. el E XXXVIL 
BOT Saas lees EE leit aay For reducing SIDEREAL to 


Mean Soxuar Time. 


0 \965101| _0|1.034899|0-982548| — 011-017452) 60 | 
65391 j 338} 5| 17162) 59 | 
65682 | 8: 10| 16871} 58 
65973 33420] 15) 16580] 5 
66263 19, 16289 
66554 24/ 15998 
66845 B4293| 29} 15707 
67136} 364) 84583] 34) 15417 
67426 4}| 84874) 39} 15126 
67717| 4: 85165] 44) 14835 
68008| 48 2]| 85456| 49) 14544! 5 


CONOR wD 


68589 86038] 581 13962 
68880 863291 63| 13671 
69171 3 $6619, G8! 13381 
69461 $6910} 73] 13090 
69752 : 87201, 78 12799 
70043| § 9: 87492| 83| 12508 As | 2 
70334 66 87, 12217| 4: ay 
70624 38074, 92! 11926] - 2 47.10 
BEE sch iog Pebined Bat aed beet 56.93 
971206] 102| 1.026704) 0.988656) 102'1-011344| : : — — 
71497| 107| 285031) sso46l 107) 11054 : 19 | 3.11 
71788] 111] 2svzizl] sozs7] 112} 10763! : 20 | 3.28 
72678! 116] 27922l| 89528] 116) 10472! 36 42 || 30 | 4.91 
72369| 121} 27631]! 89519) 121) 101E1} 35 aR ee 
72660| 126| 27340! 90110] 126) 09890] 40 | 6.59 
72951 131] 27049] 90401| 131! 09599) 3: 50 ! 8.19 | 0.14 
732411 136 26759! 90692] 136) 09308) 3: | 60 | 9.53 11 600.16 
73522| 141| 26468|! 90983] 141/ 09017! 
30 | 73823] 145] 26177|| 91273] 145] 0s727| 30. 
31 (974114) 150|1-0258e6)|0-09 1504 150} 1.008436 TABLE XXXVIII. 
39 | 74405| 156} 25595 3551 155! OB145 ‘ 
33 | 74695| 160| 25305 | a0) 7 ssa For reducing MEAN Sowar to 
34 | 74986] 165] 25014 437| 165| 07563) 26 SIDEREAL Time. 
75277| 170, 24723 28| 170| 07272 PRE 
75568| 175| 24432I| 9: 175| 06981 
75859| 179] 24141)| 9: 179 06690) 
76149| 184] 23851 1 06400] 2% 
76440 189] 23560] 93891! 189) 06109 
76731) 194! 23269|| 94182] 194] 05818] 20. 
977022! 199|1-022975]|0-994473) 199|1-005527 
77313| 204) 22687|| 94764] 204] 05236 
77603| 208] 223971] 95055 04945 
77894| 213) 22106 31 04654 
78185| 218| 2old ; 04363 
78476) 223] 21524]| 959: 04072 
78767| 228] 21233 03782 
79058, 233) 20942 03491 
79348) 238| 20652 300| 2381 03200 
79639| 242} 20361 2431 02909] 10_ 
51 1979930! 247}1-020070) 0.997382] 247/1.002618 
| 80221] 252 19779] 97673 02327 
§0512| 257; 19488]| 97964 02036 
80803) 262| 19197|| 98255 O1745 
§1093| 267/ 18907|| 98546 01454 
81384| 271] 1S616| 98836 01164 
81675| 276| 18325|| 99127 j} 00873 
81966| 281] 18034|| 99418 00582 
82257) 286] 17743) 0.999709| 286] 00291 
982548) 291'1.0174521/1-000000] 291/1.000000 


eeciees 
SRS 


— at ed 
ee OO 


Se 


me |= & 


ee) 
e . e 
Hep) 


arts 


P. 
for Versed. 


Suv.| 22 | 3 36.84 || 40 | 6.57 | 40 
i; | 23|3 46.70 | 50 | 8.21 | 


—|| 2413 56.55 | 60 | 986 | 60 | 0.16 


TABLE XXXIX. : 255 


LOGARITHMIC DIFFERENCR. 


Moon’s| App. Alt. Moon’s Center. | Diff.|| Moon’s| App. Alt. Moon’s Center. | Diff 
Hor. Hor. to 


Par. i Par. 8° 9° 110° {11° [42° | 10v 
63’ 019.999839|9727|9612|9496|9380} 193 || 53’ 07/9.999264/9145/9032/8917/8803) 192 
10 9838/97 25|9610|949419377| 193 19 9261/9144/902818913/8798} 192 
20 9836/97 22'9608|949119374| 194 20 925791 40/992418908/8794! 193 
30 9835|9721|9606/948919371| 194 30 925 4|9137|902118904/8789} 194 
40 9833/9720|9604|9486/9369| 195 40 925119133|9017/8900/8784| 194 
50 9832)9718]/9602|9484|9366! 195 50 9247|9129|901318895|8779| 195 
54 0 (9.999831|9716/9599/9481/9363| 196 || 54 0 |9.999214/9126/9009|889118774| 196 
10 9829/9714/9597/9479/9360| 196 10 9241191221900518887/8770| 197 
20 982819713/9595|9476|9357| 197 20 9238/9119/9001/86682/8765| 197 
30 982719711/9593/947419354| 197 30 923 4|9115|8997/887818760| 198 
40 9826/9709 9591947119351] 198 40 923 119112/899318874|8756| 199 
50 982419707/9589/9469|9348] 199 50 9228/9108/S989|8869/8751| 199 
65 0 |9.999823/9706|9587|946619345| 200 || 55 0 19.999225/9105|8985|886518746| 200 
10 9821|9704/9584/9464|9342| 200 10 9222/9101/89311886018742) 201 
20 9820/97 02/9582/946119339| 201 20 921919098|8977/8856187 
30 9819/9700/9580/9159|9337| 201 30 921619094/89731685 2|8732| 202 
40 9817/9699|9578/9456|9334| 202 40 9212/9091'8 
50 9816|9697|957619451|9331| 202 50 9209|9087 
66 0 |9.999815|9695!9574|9451|9328] 203 || 56 0 |9.999206|9083/896118839|8715| 203 


$8737| 201 
$469/884718727| 202 
8965]88 13/5722; 203 
10 9813|9693'957119449|9325| 203 10 9203/9079|8957|883418713| 204 |f 
20 9812/9692|9569/9447/9322| 204 20 919919076 895318830|8708! 205 |i 
30 9811|9690/9567|9414/9320| 205 30 9196|9072|89491882618704| 205 |f 
40 9809|9688 9565/9442 9317| 205 40 9193|906918945/8821/8699| 206 || 
50 9808|9686/9563'9 139|9314| 206 50 9190|9065|8941|8817,8694| 206 |] 
57 0 |9.999807|9485/95611943719311| 207 || 57 0 |%.999186/9062/8937|8813|SG00| 207 |} 
10 9805|9683/9559/9134|9308| 207 10 9183/9058|8934|8808|8685| 208 
20 9804/9681|9557/943219305| 208 20 918019055|8930/8804'8680! 209 |} 
30 9803/9680/9555|942919303] 209 30 9176905 118926|8800|8676! 210 
40 9801/9678|9553/9427|9300| 209 40 9173/9048/892218795/867H} 211 
50 9800/2967 6|955 1194249297] 210 50 917019044|891818791/8666| 212 
58 0 |9.999799/9675|9549|9422/9294) 211 || 58 0 |9.999167'904018914]8787/8662| 212 
10 9797/9673'9546/9419|929%| 211 10 9163]9037!891018752,8657| 213 
20 9796(9671/9544/9417|9288] 212 20 916019033/8906|8778|8652! 213 | 
30 9794|9669|9542/9414|9286| 212 30 9157|9029/8902/877 4/8648] 214 
49 9793|9668!9540|9412|9283} 213 40 9154|9026/8895|8769 86.43! 214 
50 9791|9666|9538/9409|9280| 214 50 9151]9022)8894|/8765 5638] 215 
“RO 0 9. 999790/9664)9536|9407 9277] 214 || 59 0 19.9991 17/9018]8890/8761 863.4) 215 
10 2|9533(9404 \9274| 215 10 9}.44,9014/88S6/8756' 8629) 216 {3 
20 9787|9661/953119402|9271} 216 - 20 914119011/8882 8752/8624 216 |] 
30 9786 965919529|9399!9268] 217 30 9137|9007|S878|8748 8619} 217 || 
40 9785/9657 |9527|9397|9265| 217 40 913419004|887418743'8615| 217 
50 9783/9655 /9525|939419262] 218 50 9131|9000|887 0/8739 5610] 218 
60 0 |9.999782/965 2/9259] 218 || 60 0 |9.999128|/8997|8866/8735 8605; 218 || 
10 9751/9652/952019389|9257| 219 10 9124|8993|8862|8730 8600} 219 
20 9779|9650/951819387|9254| 219 20 9121|8990|8858|8726 8596} 220 
30 9778|96.18]9516/9384|9251] 220 30 911818986/8854/87 22 8591! 220 
40 9777 |9616|9514|9382|9248| 220 40 9115|8982|8850/8717 8586) 221 
50 9775|9645/9512/9379/9245| 221 50 911218979|8846|8713 8581} 222 
GI 0 |9.999774/9613|9510/9376|9242| 222 || 61 0 |9.999108/8975|8842|8709 $577, 222 
10 977 2/964 1|9507|937 4/9239] 223 10 910518971|8838'8704 85721 223 | 
20 9771 (9639 9505|937119236| 223 20 9102/8968|8534|8706 8567} 223 
30 9769 9638 9503/9369|9233| 224 30 9095/8964/8830|8695 $562) 224 |f 
49 9768/9636 950119366'9230| 225 40 9095/8960 85268601 8558) 224 
__ 50 0766. 9634 9199/0936 1|9227| 225 50 9092! 8957 8822/8687 8553) 225 
82 0 '9.999765 9632) 94979363 |9224) 9224| 226 || 62 0 9.999089,8953 8818/4653 8548] 225 


P. parts to§ 1” 2” 3f 4" 5” 6” 7” 8” 9" Qs Pi part to§ 1” 27:3” 47 5" 6" 7” 8” 0% Tia 
sec. of par.00 0 11112 2 2 §H || sec. ofpar.?0 1112223 383 $F 
! 


256 


53! 


TABLE XXXIX. 


LOGARITHMIC DIFFERENCE. 


Moon's App. Alt. Moon’s Center. 
Hots i ook 


13° |14°}15°)16° 17° 

6°\5 .998685/857 4/5461|8348/8236 
10 8683/8569/8455|8342/8230 
20 8675/8563/8449/8336/8223 
30 8673/8558/8443/8329/8217 
40 8668/5553 /8437/8323/8210 
50 8663|85 47/843 2/53 17/8203 
9,.998658/8542/8426/8311]8197 

10 8653/8537 |8420|8305|8190 
20 8648]8531/8414/8299|8184 
30 8643/8526/8409/8293/8177 
40 8638|8521/8403 8287/8171 
50 8633/85 15|8397'5281/8164 


9. 998628/8510|8391]8275|8158 
10 8623/8504/8386/8269/8151 
20 8618)8498'8380/8262/8145 
30 $613|8493/8374/8256)/8138 
40 8607 |8468/8368/8250/8132 
50 8602/8452/8363/8244/8125 


10 8592 SATLGett 8232/8112 
20 8587 $466 8345/8225 /8106 
30 8582/8460/8339/8219)8099 
40 8577/8455 /8334/8213/8093 
50 8572|8449/8328/8207|8086 


57 0 |9.998567|8444/8322/8201/8080 


I} 59 0 [9.998506/8380|8253/8128/8002 


60 


10 8562|8439,8316|819518073 
20 §557|8433/83 11/8189|8067 
30 8552|/8428/5305|/8183/8060 
40 8546|8423/8299|8177/8054 
50 8541|8418/8294|81 7 11/8047 


8041 
10 853118407|8282|8159|8034 
20 852618401/8276/8152|8028 
30 8521/8396|827 1/8146/8021 
40 851618391/8265|8140/S015 
50 851118385 8259/8134 |S008 


10 8501 8374/5247 8122|7995 
20 8496 8369/8241 8115/7989 
30 8491/6363 /8235/8109/7982 
40 8486/8358 ,8230|810317 976 


50 |.  8481/8352'82241s097|7969 


10 8471|83.41/8212/8085|7956 
20 8466|8336|8206|8078|7950 
30 8461|8330/8201|807217943 
40 §45518325|/8195|8066|7937 
50 8.150/8319/8189|8060|7930 


10 8440 §308/5177 8047/7917 
20 8435 /8303,8171|8041/791i 
30 8430!8297 |8165/8035/7904 
40 8425 /8292)8160)8029|7898 
50 8420/5286 8154/8023|7891 


0 19.998476/5347/8218]809117963 


10 
20 
30 
40 
50 


9.998124|8013)7902|7792\7684 
8117|8096(7895|7784|7675 
8110/7 9938/7887 |7776|7 667 
8104/7991|7880|7769|7659 
8097|7984|7872|7761|7651 
7977/7865 /7753!7643 


9 .998083]7970|7857|7745|7635| 157 
8076|7963!7850|7737|7626; 188 


8069|7955|7842|/7730!761S 
8063]7948|7835|77 22/7610 
8056/7 941|7827|7714|7602 
8049/7934|7520|7706|7594 


9.99804217927/7812|/7698|7556 
8035/7 920/7805|7690'7577 
8625|7913|77 98/7 683|7569 
8022/7905|7790|7675|7561 
8015|7898/7782)7 667 |7553 
8008/7891|7775\7659/7545 


190 


190 
191 
191 | 
192 
192 
193 


i9.998001/7884]7767|7651/7537| 193 
7644/7528 } 
7987 |7869|7752)7 636)7520 
798117 862\7745|7628|7512 
7974|7855)7737|7620/7504 
7967 |78418|7730 lew. 


7912|7790|7670|7549|7429 
7905|7783|7662/7541/7421 
7899|7776'7655|7533/7413 
7892 TTOOTGAT 7525/7405 
7885|7762,7640|7517|7396 


787 1|7747|7625|7501)|7380 
7864|7740/7 617 |7493/7371 
7858|7733/7610|7 4867 363 
785 1|77 25 |7602|7 47 8/7355 
7844/77 18|7594/7470)7 347 


7830|7704|7579|7454|7330 
7823|7696|757117446|7322 
7817|7689|7564|7438|7314 
7810|7682|7556|7430|7306 
7803|7675|7549|7422|7207 


194 
194 
195 

96 
196 


198 
198 
199 
200 
200 


201 
202 
203 
203 
204 


205 
205 
206 
206 
207 


60 0 |9.997837|7711/7586\7462!7339| 207 


208 
208 
209 
210 
211 


61 0 |9.997796|7667|7541|7414|7290| 211 


10 
20 
30 
40 
50 


7789|7660|7534/7407|7251 
7782|7653|7526|7399|7 273 
7775)\7646)7519/7391|7 265 
7768|7635/7511/7383|7 257 
7761|7631|7504|7375|7 248 


212 
213 
214 
214 
215. 


62 0 |9.998415|8281 8149\8017|7885 


620 |9.997754|7624|7496,7367|7240| 216 


P. parts to§ 17% 2” 3" 4" 5" 6" 7” 8" 9" 6 
sec. ofpar.)1 1223445 5 §wA 


a 


P. parts to§ 1” 2” 3" 4” 5" 67 7” 8" 9 Js 
sec. of par.J1 123445 66 §% 


TABLE XXXIX. 


257 


LOGARITHMIC DIFFERENCE, 


a ee ee ee OO |] | ————___ ] -——— | —_____ 


_ | —_—_ | sf | | | | 


30 7499|7388'7 279|7171|7063 
40 7490|7380|7270|7161|7053 
50 7482\7371|7260|7 15217043 
BS. 0 |9.997473|7362'7 25 1|7 14217033 
10 
20 
30 
40 
50 7205 
10 7413|7300|7 1871707516964 
20 7404|7291|7177|7065|6954 
30 7396\7 28217 168|705616944 
40 7387|7278|715917046|6934 
50 7379|7264/7149)7037|6924| 
57 0 19.997370|7255|714017027/6914) 190 
10 7361|7246|713117018|6904| 190 
20 7353\7237|712217008|6894| 191 
30 7344|722817113/6999|6884| 191 
40 7336|722017103/6989/6875| 192 
50 7327|7211|7094/6980|6865| 192 
$8 0 |9.99731917202|7085/6970/6855| 193 
nO 7310|719317076|6961|6845| 193 
20 7302|71841706616951|6835| 194 
30 7293|7175|7057|6942/6825| 194 
40 728417 166|7048|6932|6815| 195 
50 7276|7157|7039|6923/6805| 195 
59 0 |9.997267|7148|7029|691316795| 196 
10 7259|7139|7020|6904|6785| 196 
20 7250/7130|701116894|6775| 197 
30 724117122|700216884|6766| 198 
40 7233|7113|6992|6875|6756| 198 
50 722417 104|6983|6865|6746| 199 
60 0 |9.997216|7095|697416855|6736| 199 
10 7207|7086|6965]6846|6726} 200 
20 7199|7077|6955|6836|6716| 201 
30 7190|7068|6946|6827|6706| 201 
40 7182|7060|6937|6817|6696| 202 
50 7173|7051|6928|6808|6686| 202 
61 0 |9.997164|7042|6918|6798|6676| 203 
10 7156|7033/6909|6788|6666| 204 
20 7147|702416900/6779|6657| 205 
30 7139/7015|6891|6769|6647| 205 
40 7130|7006|688216759|6637| 206 
50 7122)\6997|687216749|6627| 206 


62 0 |9.997113'6988/6863|674016617 


1" Qn" 3! 4" 5” 6" 7" 8? g’” 
12334667 8 


P. parts to 
sec. of par. 


——. | ———— | —___} —____ J___ —— adipeionn 


— | —___} ——_— ——_ f ————_——_____ 
a) See) SS es 


—. | —————— | ————_— | -—————- | —_—_—_ __ | | ae 


207 


is 


Su 


App. Alt. Moon's Center. “TT Diif. 
CaaS SR ON Rd RT ee 
31° |32° | 100/ 


169 
169 


172 
172 
173 
173 
174 
174 
175 
176 
176 
177 


6915|6808|67031659716494 
690516798/6692|658616482 
689516787|668116575/6471 
6885 16776|6670/6564/6.159| 177 
687516766|66591655316418| 178 
9.99686116755|66481654 116436] 178 
685467 45|6638|6530|6425| 179 
6844/6734|6627|6519/6413] 179 
6834/67 241|/6616/6508/6402} 180 
6824167 13!6605|6497/6390] 181 
6813/6703/6594|6486|6379! 181 


9.996803/669216583 647416367] 182 
6793|6682/6573|6463|6356, 182 
6783/6671/656216452/6344| 183 
6772166611655 11644116333] 184 
676216650/65401643016321| 184 
6752|6640/6529/641816310| 185 
58 0 |9.99674216629|6518|6407|6298 
6731/6619|6508|6396|6287 
6721|6608|6497|638516275 
6711/6597|6486|637416264 
670116587|6475|6362.6252 


6241 


a ef J fl | 


P. parts to§ 1” 2" 3” 4” 5° 6” 7" 8" 9" Qc 
sec. of par.t1 2 3 4 67 8 910 $a 


Kk er 


258 TABLE XXXIX, 
LOGARITHMIC DIFFERENCE. 


Moon’s} App. Alt. Moon’s Center. a Moon’s| App. Alt. Moon’s Center. 
Hor. Hor. 
Par. 33° [34° |35° 136° [37° 10 Par. 38° {39° |40° |41° |42° 
3’ _0%9.996545|6447/635 162566162) 159 
6533/6435/6338)6243/6149] 159 6056/5964|5873/5784 5697 
6521|6423|6326/6230/6136] 160 —- 6042]5950/5859/5770/5682 
6509/6411/6314/6217|6123) 161 6029/5937 |5846/5756/5668 
64197/6399|6301/6205/6110} 161 6016|5923/5832/5741/5653 
6485|6386/6289/6192|6097| 162 6003}5910/5818/5727|5639 


9.99647 4/637 4|/6276}6179/6084| 162 9 .995989]/5896/5804/57 13/5624 
6462|6362/6264/6167|6071| 163 5976/5883/5790/5699)/5610 
6450|6350/6252)6154|6058] 163 §963/5869|577 6)5685|5596 
6438/6338!6239/6141/6045| 164 5950/5856/5762/567 1/5581 
6427|6326|6227}6125|6032) 164 5936|/5842|5748)5657 5567 
6415/6314/6214/6116)6019) 165 5923/5829|5735 |5643/5552 


9.996403/6302/6202|6103)6006| 165 9.995910/5815]5721/5628|5538| 156_ 
6391/6290/6189/6091/5993/ 166 §896/5801|5707/5614 5523 
6379/6277 |6177/6079|/5980) 166 5883/5788/5693 5600/5509 
6368/6265 /6165|6065/5967| 167 5870/5774|5679/5586'5494 
6356|6253/6152/6052/5954) 167 5856|/5761|5665/5572|5480 
63.14/6241/6140/6039 mi ah 168 §843|5747 |5652!5558/5465 


“168 11°66 0 |9.995830/5733/5637/5544/5451 ; 
169 5816|5720|5623/5529/5437| _ 
169 5803/5706/560915515/5422 

170 57901569315596|5501/5408 

170 5776|5679|5582|5487|5394 

171 5763|5666/5568|5473|5379 


171 9 .995750/565215554/545915365| 161 
6249 ole144 6040 5928 5837 172 5736|5638|5541/5444)5350) 162 
623716132/'60258)5925)5824) 172 §723/5625|5527/5430/5336| 162 
6226|/6120/G015)5912/)5811} 173 5710)5611/5513/5416)5321| 162 
6214/6108)/6002/5900/5798) 173 5696|5597|54199|5402/5307| 163 
6202/6096/59911588715785) 174 §683)/5584|5185/5388|5292) 163 


9.996190 GOS4 597858745 3772 174 9. 995670)557 0/547 115374|5278 
175 §656/5556/5457/5359|/5263 

175 

1 176 

176 

177 


177 
6107|5999/5891/5785|5680) 178 
6096|5987|5879|5772|5667| 178 
60841|5975/5866/5760/5654) 179 
607 2|5962/5854/5747|5641| 179 
6060/5950/5842/5734|5628} 180 


60 0 |9.996048/5938|/5829/5721/5615| 180 
10 6037 /5926|5817/5708/5602) 181 
20 6025 /5914|5804/5695/5559) 181 
30 6013|5902|5792|5683|/5576; 182 
40 6001 )/5890/5779/5671/5563) 182 
50 5989|5878/5767|5658/5550) 183 


61 0 |9.995978/5866/5755|5645|5537| 183 
10 5966/5853 /5742)5632/5524) 184 
20 §954|5841/5730|5620/5511| 184 
30 5913|5829.5717|5607/5498) 185 
40 5931/5817|5705/5594/5485; 186 
___50° 5919)|5805 9693 5582/5472) 187 


“62 0 |9.995907 5793,508¢ 569)5459| 187 || 62 0 |9.995350/5243/5138|5033/4931 


P. parts to§ 1” 2" 3” 4" 5" 6" 7" 8" 9" ).4 || P. parts to§ 1” 2” 3” 4” 5" 6” 77 8" 9" 
sec. of par.t1 3 45 67910114 shes of pars? tice saneetud aa 


TABLE XXXIX. 
LOGARITHMIC DIFFERENCE. 


App. Alt. Moon’s Center. 
43° |44°|45°|46° |47° 


6610/5525/5441|535915279 
§595|5510/5426/5344/5 263 
5581/5495 /5410/5328/5 247 
§566|5480/5395/5313/5231 
5551|5465/5380/5298/5 216 


9.995536/5450/5365|5282|5200 
§522|5435/5350/5267/5 184 
§507(5420/5334/525 115168 


995 360/527 1/5 182/509615011 56 
53461525615 167|5080|4995 
6331|5241|5152/5065|4979 


§302/5211/5121/5034/49148 
§287|5195/5 106/5018/4932 


§258)5166/5076/4987|4901 
§243|515115060/497 2/4885 
§228/5136|5045|4956|4869 
6214/5121/5030)4941/4853 
§199/5106/5015/4925|4837 


-995184/5091/5000/4910)4822 
5169|5076/4984/4894/4806 
5155|5061/4969/487914790 
5140|5046|4954|4863/4775 
5125|503114939/4848/4759 
5110/5016/4923/4832/4743 


62 0 |9.99435114260/4171|4084/3 


sec. of par. 


P. parts ee 1” 2” 3” 4" 5” 67 7" 8° 9" VS P. parts ag 1” 2" 3" 4” 5” cunt 


2346791012145% sec. of par. 2 3 5 7 8101273 15 


TABLE XXXIX. 


LOGARITHMIC DIFFERENCE, 


App. Alt. Moon’s Center. 
53° 54° 55° 56° |57° 


——_ } ————_—] ——_—— ——_—— | | — |---| —————— , ————_ 


112 }} 53’ 019.994512/4451|4392/4335\4279 
4494/4432/4374/4316/4260 


eee eee, eee es 


FREI SPIN Carre! RRR ee Eee ee a ee ee 


—— | | jj ee | | | 


_—_—_—_—_ | | JF | |] dL a f ee fl | fl ff 


4379|430414230/4158/4099 
4362|4287|4213/4140|4070 
4345|4269/4195|4123)4052 


3984/3918/3854/3791/3730) 106 

9 .994328/4252/4178/410514034 9.9$3966/3899/383513772|3711| 106 
4311)4234/4160|4087|4016 . 3948/3881/3816/3753/3692| 107 
4294|4217/4 142|4069/3998 393.0|3863/3798/373513673) 107 
427 6/4200/4125/405 1/3980 $911|3844/3779/3716/3654| 107 
4259|4182'4107,4033/3962 3893/3826/3759|3697/3635) 107 


424214165|4090/4016/3944 $875/380813742/3678/3616| 108 


—_- | | | | | — | ——__—. eo | | —— — _- | — —_ ] —— 


9 .994225|4147|4072/3998/3926 9.993857 |3789/3723/3660|3597| 108 
4208/4130/4054/3980/3908 3839|3771/3705/3641|3579)} 108 
4191/4112/4037|3962/3S90 3820,3753/3686/3622/3560| 109 
4174/4095 /4019/3944)3872 3802/3734/3668'3603/3541) 109 
4156|4078/4002/3927|3854 3784/37 16/3649/3584/3522) 109 
4139)}1061/3984/3909/3536 3766|3697|3630|3566|3503} 110 


— ——————| | ~oO-, > |— cc | ee | | | 


60 0 |9.993748|/3679|3612'3547|3484| 110 
3729/3660/3593!3528/3465| 110 
3711/3642 3574/3508 3446} 111 
$693/3623/3556 3490|3427) 111 


3675/3605 3537/3472 3408! 111 


50 4036 


3957|3879/3802/37 28 3657|3587/35 18. 3453/3389) 112 

61 0 0 |9. 9941 994019/3939, '3860/3785)37 10 0 |9.993638|3565/3500/3434|3370| 112 
10 4002/3921, 3843 3766|3692 10 $620)/3550/3481/3415|3351} 112 

20 3965/3904 '3825|/3748)3674 20 3602 3532|3462)3396 3332) 113 
30 3968/3886. 3808/3731 3656 30 3584/35 13/3444 /3378/3313) 113 
40.| . 3951/3869 ,3790/3713/3638 40 3566/3495 /3425 3359|3294) 113 

50 3933/3851 3773 3695/3620 50 35.48|6477 3406/3340 ae 114 

62 0 |9.993916|3834,3755|3677|3602| 131 62 0 |9.993529|3458|3388|/3321'3256| 114 


P. parts to§ 1” 2” 3” 4” 5” 6" 7" 8” 9 3 
R 


P. parts to§ 1” 2” 3” 4” 5” 6" 7” fet 
sec. of par.t2 3 5 7 911131416 7) 


sec. of par.? 2 4 6 7 911.1316 17 


TABLE XXXIX. 


LOGARITHMIC DIFFERENCE. 


App. Alt. Moon’s Center. | Diff.||Moon’s}| App. Alt. Moon's Center. | 
to cal) Ld OT PRIA TS aE RUBS I | 


63° [64° |65° |66° |67°| 100’ || Par. 69° 170° |71° |72° | 100 
9 .994224)4172/4121|4073|4027| 82 53’ 07|9,993982/3939/3595/3858/3822 
4205|4153/4102/4053]4007| 82 10 3962|3919/3878|3838/3802 
4186)4134'4083/4034/3987 20 
4167/4114/4063}4014/3968 30 
4148/4095 |4044/3995/3948 40 
4129|4076]/4025|3975/3928 50 


4091/4038/3986/3936|/3889 10 
4072/4018/3966/3917/3S869 20 
4053)|3999/394713897|3849 30 
4034|3980/3927 |3877|3830 40 
4015/3961|3908/3858/3810 50 


0 

- 10 

3957|3903/3850|/3799/3751 20 

3938|/3884/3830/3780/3731 30 

3919|3864/3811|3760/3711 40 
3900/3845 /3791/3740/3692 


56 0 |9.993581/3526/3772/3721/3672 
3862/3807 /3753/370113652 
3843/3787 |3733/3682)/3632 
3824|3768/37 14/3662/3613 
3805/37 19/3695 /3642/8592 
3786|3730/3675|3623|/3573 


37417|369113636|3584/3534 
372813672|3617/356413514 
3709|3652/359813545|3494 
3690|3633/357813525|3474 
367 1/36141355913505|3455 


3485/3438/3394/3353/3312 
3166|341513374/3332!/3292 
3446/3398/3354133 12/3272 
3426/3378/3334/3292/3251 
3.406/3358/331413272/3231 


363213575|352013 4166/3415 
3613/3556/350013.447|(3396] ¢ 
- 359413537/3481/3427|3376 
357513517(346113407 (3356 
3556/349813.442|338513336 
9.993537 |3.179|342213368/33 17 
3518/3459|340313349|3207 
31498/344101338.1/3326/3277 
$479/3421/3364|33 1013258 
$.160)3.402/33.15/8290/3288 
3.1441/3382/3325/327013218] § 3167|31181307 213029|2986 
60 0 9.993421 /3363/3306)825 1/3198 60 0 |9.993147!3098/305213008/2966 
10 3.402)/33.4413286]323 1/3179 10 3127/3075/3031/2988!2946 
20 3383/3324|3267|3212|8159 20 
30 3364/3305|3248]3192|3139]| 94. 30 
40 3345/3286/3228]3172/3119 40 
3326/3267/320913153/3100| 9: 50 
9. 993307|324713 189|3 133|3080 
10 $288/3228|3170/3114/3060 
20 $269 3209)3150)309 1/3040 
30 $249'3189)3131]3075|3021 
40 3230'3170/311113055/3001 
50 3211)/3150/3092/3035|2981 
62 0 |9.993192'3131/3072/3015|2961 


33.46|/3298|/3253|3211|3170 
3326)/3278/3233|3191/3149 
3306/3255/3213)3170|3129 
3286|3238/3193|3150/3108 
9, 993267 |[3218/3173/3130/3088 
32.47|3195/3152/3110/3068 
3227/3 178]3132|308913047 
8207/3158/31 12|/3069|3027 
3187/3 138/3092|/3049|3907 


3105/3058)3011/2968/2925 


9.993386/3338/3204 1325 1/3211] | 
3366/33181327 31323 113190 


P. parts to§ 1” 2" 3" 4" 5” 6" 7" 8" 9" Q 


P, parts to§ 1” 2” 3” 4” 5” 6” 7" 8" 9" 0a 
sec. of par.2Q 2 4 6 8 10 12 14 16 18 § 


sec. of par.U2 4 6 810121416 1844 


262 TABLE XXXIX. 


LOGARITHMIC DIFFERENCE. 


Moon’s 


App. Alt. Moon’s Center. | Diff. 


73° 174° 175° |76° |77° 


App. Alt. Moon's Center. | Diff. 
earl WEIN CERe io T Que 
78° |79° 80° 181° 182° | 100° 


-_—)} — | —_ J —_ ____ | —____ ES ee ee ee eS 


53! 9 .993788/3753/3721|3691|3664 9 .993640/3617|3595/3577/3560} 33 
10 3767 |3732/3700|3670/3643 3619}3596/3574|3556/3539) 33 
20 3746|37 12/3680|3649)/3623 359813575]3553)/3535|3518] 33 
30 3726/3691/3659/3629|3602 3577 |3554/3532/3513/3496) 34 
40 3705|367 113636|3608/3581 3556/3533/3511/3492/3475| 34 
50 3684/3650/3617 |3587|3560 3535/35 12/3490/347 1/3454) 34 


——— | - J ——_—__—_] ___ | — SS ee ee ee ee ee, 


3643/3609/357 6/3546/3519 
3623/3588/3555/3525|/3498 


34931347 0/3448/3429/3412) 34 
3472/3449/3427|3405/3390| 34 
345 1/3428/3406/3387|3369| 34 
3430/3407/3385/3365/3348] 35 
3409/3386/3364/3344/3327| 35 
3520/3455 3452/3422/3394 
3500/3464/343 1/3401 /3373 


3368/3344/332213302/3284| 35 
3347(3323/3301/328113263] 35 
3326|/330213280/3260/3242| 35 
3305|/328113259/323813221| 35 
328413260/323813217/3200! 35 


a ff | ee ee fl | | 


3179/3155|3833/3111 3094| 36 
3158/3134/3111/3090/3072; 36 


————$ | ——— | — —— | ———_—_ 1 | | — | | | | | 


3117|3092/3069/3048/3030) 36 
3096|3071/3048|3027/3009. 36 
3075/3050/3027|3006,2988 36 
3054/3029/3006/2985/2966| 37 
3033/3008/2985/|2964/2945| 37 


3151/3114/3080)3047|3018 2991/2966/2943/292 1/2903) 37 
3131|3094/3060/3027|2997 297 0|2945/2922/2900/2881| 37 
3110/3073/3039/3006|2977 2949|2924|2901/2879/2860| 37 
3090/3053/3018)|2985/2956 2928(2902/2850|2855/2839| 37 
3069/3032/2997 |2964/2935 2907|2881/2858/2837/2818| 37 


en ef | | —— | | | af | | 


9.993049/3012/2977|2944/2914 
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| 266 TABLE XLIII. 
SEMIDIURNAL AND SEMINOCTURNAL ARCHES, 


For finding the Time of the Rising and Setting of a Celestial Object. | 
DECLINATION. 


Ca doy arse ae Peer eo Tze ree hoe ° [10° 11°}12° (13° 14° 15° [16° [Las 
~O th. m. h.m,|A.m,lh,m.{i.m [hem jh.m.Jb.m.{h.m- hm, 4m. bm fhm. 
aig: fie mi ma} mm fh mb OU|6 0016 0116 Hh 6 O16 O1)6 oli O16 O16 ed I 
3 16 01/6 01/6 01/6 01/6 02)6 02|6 02]5 02)5 026 036 036 ong 
a 3 01/6 02/6 02/6 0z}6 6316 03/6 04/6 04)6 O46 05.6 ua 0516 og 6 
716 6216 B26, Dee Ge0 8 Ore ee 7 
916 02/6 0316 04/6 04/6 05/6 06/6 06/6 07)6 Os|6 086 096 1u6 Li 
10 {6 0316 0416 0116 05/6 06]6 06|6 076 08/6 09/6 096 106 He 
1116 03/6 04)6 05/6 05/6 06/6 07/6 08/6 09]6 0916 106 116 12/6 
12 16 03/6 04/6 05/6 06|6 076 O5j6 09/6 09/6 1016 116 126 e 
13 |6 04/6 05/6 06/6 06]5 07|6 08}6 09]6 10/6 116 126 136 146 
1416 0.46 0516 06/3 07/6 086 09)6 1 |G 115 12]6 136 146 15/6 Le 
‘15 |6 01 36 vsi6 oi 0516 OG|6 O3|6 09|6 10/6 11]6 12|5 1316 146 15.6 16/6 
16 |6 05|6 06/6 07/6 08/6 09)6 10/6 12/6 13)6 14/6 15 6 166 1si6 | 
17 |6 05/6 06/6 07}6 09/6 10)6 11/6 12/6 14]6 1 166 176 19)6 
18 |6 05/6 07/6 OS|6 09/6 10|6 12/6 13/6 14]6 1616 176 196 20/6 
19 |6 066 07)6 OdI6 10/6 11/6 13/6 146 15]6 176 186 206 21)6 
20 |6 066 07}6 0916 10/6 12/6 13/6 15]6 16/6 18/6 196 216 2216 
2116 06/6 O5/6 O96 LLG 12/6 14/6 16/6 76 19/6 206 226 2416 
22 |6 06)6 O16 1016 11]5 13/6 15|6 16]6 15]6 206 216 23.6 2sl6 
23 |6 07/6 OvIs 10/6 12]6 11/6 15]6 17|6 19]6 21/6 226 24.6 2616 
24 |6 07/6 OS|6 1116 1316 1416 16]6 Ci ae 246 266 27|6 
"25 [6 02 6 01/6 O96 1116 13/6 Lol6 1 17/6 1/6 21]6 2316 256 27 6 2916 31 3 
26 |6 O56 116 12/6 14/6 16/6 186 20]5 2-16 246 266 286 30/6: 
27.|6 OSI 10/6 1216 1416 10/6 19]6 21/6 23/6 256 276 206 316 
28 |6 } 096 L1G 13/6 L5]6 17/6 19)6 2x]6 246 266 286 306 33/6 
2916 096 1116 13|6 16)6 1845 20}5 2z]6 25]6 27|6 296 326 34)6 
30 3 O46 1216 14/6 L6|6 19]G 22/6 23/6 26/6 286 316 336 3616 
31 }6 too 1216 14/6 17|6 196 22\6 21\6 27|6 20 326 346 37)6 
32 |6 ib isle 15|6 I+|6 20]6 23/6 25|6 25/6 3116 336 366 396 
33 |6 10/6 13/6 16/6 18]6 21/6 2:6 26)6 2916 32/6 316 37.6 40/6 
34 |6 11/6 14/6 16]6 19]6 22/6 25|6 27/6 30/6 33'6 366 396 42/6 
35 |6 6 11/6 14 14/6 17/6 20|6 2/6 25}6 25]6 31/6 34/6 37 37.6 406 43/6 
36 16 12/6 15}6 1s]6 20)6 25/6 266 2916 3216 3616 396 426 15/6 
37 |6 126 15/6 18/6 21}6 21]6 27/6 31]6 34[6 37/6 406 436 47\6 
35 |6 13/6 16/6 19|6 2216 2516 25/6 326 35]6 386 42.6 456 adi 
39 |6 13/6 1616 20/6 23/6 26/6 20/6 33]6 36/6 40/6 436 47 6 d0l6 
40 |6 13/6 1746 20/6 2i]6 27/6 31)6 34]6 3816 41)6 456 486 52I6 
41 |6 14/6 17/6 2116 25)6 25/6 3216 85]6 39/6 436 466 506 dil 
42|6 14/6 18/6 22/6 25/6 2916 33/6 37)6 40/6 44/6 486 826 56]7 
43 |6 15|6 19/6 22/6 26]6 30/6 34)6 38/6 4216 466 506 546 55]7 
44 |6 15|6 19|6 23/6 27/6 31)6 35/6 39/6 43/6 47/6 526 567 00l7 04 
“45 |6 046 08/6 126 166 20/6 24/6 25/6 32/6 36\6 41|6 45/6 49/6 53,6 587 02/7 
46 |6 17|6 21|6 25/6 29/6 33/6 35|6 42/6 4616 5116 i 007 04}7 
47 |6 17/6 2216 26|6 30/6 35]6 39|6 44/6 48\6 536 57/7 02'7 07/7 
48 |6 18|6 22/6 27|6 31]6 36/6 41/6 415)6 50/6 55)6 597 047 O9|7 
49 |6 18/6 23/6 28/6 32]6 37/6 42/6 47/6 52)6 572 027 077 12I7 
50 |6 19/6 2416 29/6 34]6 39/6 44'6 49]6 5416 59/7 047 097 14l7 
5116 20/6 25]6 30/6 35/6 4u]6 45,6 50/6 a6|7 O1l7 067 127 2ii7 
52 |6 21/6 26/6 31]6 36]6 41/6 47/6 52/6 587 03/7 097 147 29]7 
53 |6 21/6 27/6 32/6 35/6 43/6 49|6 54/7 OOl7 OG 1L7 177 23)7 
54 |6 22/6 28/6 33/6 39}6 45/6 50/6 56]7 02/7 O8\7 14/7 207 27/7 
5516 06 23/6 2916 35|6 40|6 46|6 52/6 58/7 Osl7 Li? 177 237 30/7 
56 |6 24)6 3016 36/6 42/6 48,6 54/7 O1]7 07/7 13/7 207 277 34l7 
57 |6 25/6 81/6 37)6 4416 50|6 56|7 03]7 1ol7 16i7 237 307 37\7 
58 |6 26/6 3:16 3816 45]6 52/6 59\7 06]7 12/7 207 277 347 42l7 
59 |6 27/6 33/6 10/6 47/6 5417 O1]7 O8|7 16/7 237 307 387 46j7 
60 |6 28/6 35|6 42]6 419|6 56/7 04|7 Bi. La? 267 347 427 51\7 
61 |6 29/6 36] 44]6 51|6 59]7 OG|7 14]7 22]7 30/7 387 477 56/8 
62 |6 30|6 38|6 46|6 53|7 O1]7 O9|7 17|7 26/7 347 437 528 O1)8 
63 |6 32/6 40/6 48|6 56|7 04|7 12)7 2i|7 307 39|7 4817 57 8 07\8 
64 |6 3316 4116 50|6 ssl7 07|7 16|7 25/7 34]7 43l7 538 038 1318 24/64 
65 |6 34/6 43|6 52/7 01|7 10|7 19|7 2917 3917 48I7 59/8 098 
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TABLE XLIII, 
SEMIDIURNAL AND SEMINOCTURNAL ARCHES, 


For finding the Time of the Rising and Setting of a Celestial Object. 
DECLINATION 


Lat\17° |18° |19° [20° |21° | 22° | 23° | 24° 26° | 27° | 28° | 29° | 30° Lat 
9° jh mjh.m.jh.m.jJh.mJjh.mjh.m.|/h.m.}bh.m.|h.m.}h.m.{h.m.J/h m. h.m,/| bh. m. 

116 O1/6 01/6 0116 O16 02] 6 02] 6 02] 6 6 02] 6 02] 6 02 6 02 f 42 

3|6 04/6 0416 04/6 04/6 65] 6 05] 6 05] 6 05] 6 O6| 6 OG] G 06) 6 06 G 07! 6 07 

5 |6 06/6 07/6 07/6 07/6 05] 6 08] 6 09] 6 09] 6 09] 6 10] 6 10, G6 11 6 11 6 12 

76 09/6 0916 10\6 10/6 11] 6 11] 6 12] 6 13] 6 13) 6 14] 6 14] 6 15 6 16 6 16 

9/6 11/6 12/6 13|6 13|6 14] 6 15] 6 15] 6 16] 6 17] 6 18] 6 19, 6 19 6 20! 6 21 

10|6 12/6 13/6 14/6 15/6 16] 6 16] 6 17] 6 18] 6 19] 6 20] 6 21} 6 22 6 22) 6 23'10 
11 |6 14/6 14]6 15/6 16/6 17] 6 18] 6 19] 6 20] 6 21] 6 22] 6 23! 6 24 6 25' 6 26 11 
12|6 15|6 17/6 18/6 19] 6 20] 6 21] 6 22] 6 23] 6 24] 6 25) 6 26 6 27 6 28 12 
13 16 16/6 18/6 19|6 20) 6 21) 6 22) 6 24) 6 25] 6 26) 6 27! 6 28 6 29 6 31 13 
1446 17/6 20/6 21/6 22) 6 23) 6 24] 6 25] 6 27] 6 2s] 6 29 6 30 6 32 6 33/14 
15 16 19/6 2116 22/6 24] 6 25]°6 26] 6 271 6 29] G 30] 6 31] 6 33° 6 34) 6 36,15 
166 20/6 2316 2416 25] 6 27| 6 25] 6 29] 6 31] 6 32] 6 34, 6 35 6 37! 6 38] 16 
17 |6 21/6 24/6 26/6 27| 6 25} 6 30] 6 31! 6 33] 6 34] 6 36! 6 37 6 39, 6 41/17 
18|6 23/6 26|6 27|6 29] 6 30] 6 32] 6 33] 6 35| 6 36] 6 38, 6 40 6 41) 6 43/18 
19/6 24|6 27/6 29/6 30) 6 32] 6 34] 6 35] 6 37| 6 39) 6 40! 6 42 6 44) 6 46/19 
20/6 26/6 29|6 30/6 32) 6 34] 6 36] G 37] 6 38) 6 41] 6 43/ 6 45 6 47) 6 49) 20 
1 216 27/6 30/6 32/6 34] 6 36] 6 38] 6 39] 6 41] G 43] 6 45’ 6 47 6 49 6 51/21 
1} 2216 28/6 32/16 34/6 36] 6 38] 6 39] 6 41] 6 43] 6 45] 6 48' 6 50 G6 52 6 54] 22 
23/6 3016 34/6 36/6 35] 6 39] 6 42] 6 44] 6 46] 6 4s] 6 50' 6 52 6 54 6 57) 23 
2416 31/6 3516 37\6 39} 6 41] 6 44] 6 46] 6 48] 6 50] 6 52, 6 55 6 57! 7 00) 24 
25 |6 3% 37/6 39/6 41] 6 43] 6 46] 6 4d] 6 50| 6 53] 6 55' 6 57, 7 00 7 02/2 
26 |6 34|6 39/6 41/6 43] 6 45] 6 48] 6 50) 6 53] 6 55] 6 58, 7 00 7 03) 7 05) 26 
27 |6 36/6 40/6 43/6 45] 6 48] 6 50| 6 52] 6 55] 6 58] 7 00: 7 03 7 06 7 08) 27 
28 |6 37/6 4216 45/6 47{ 6 50| 6 52) 6 55] G 57| 7 00] 7 03, 7 06 7 09 7 11/28 
2916 3916 44|6 47|6 49) 6 52| 6 54] 6 57] 7 00] 7 03] 7 06] 7 09. 7 12 7 15/29 
1} 30/6 4116 466 49/6 51] 6 6 57| 7 00] 7 021 7 O5| 7 08 7 11) 7 15! 7 18/30 
1 3116 4216 48/6 51/6 53] 6 6 59| 7 02| 7 05] 7 08] 7 11) 7 14 7 18) 7 21/31 
1| 3216 4416 5016 53/6 56] 6 7 Ol| 7 05) 7 O8| 7:11 7 14) 7 18 7 21) 7 25/32 
3316 46/6 5216 5516 58] 7 7 04) 7 07] 7 11] 7 14] 7 17) 7 21 7 24 7 28/33 
3416 48/6 5416 57|7 00] 7 7 07} 7 10| 7 13] 7 17] 7 20) 7 24, 7 28 7 32/34 
35 |6 4916 56\6 59|7 02] 7 7 09] 7 13] 7 16] 7 Qo] 7 24) 7 27) 7 34, 7 35/3 
3616 5116 58/7 O17 05) 7 7 12] 7 16] 7 19] 7 23] 7 27| 7 31) 7 35) 7 39/36 
37 |6 53/6 0017 04|7 07] 7 7 15] 7 18} 7 22| 7 26] 7 30| 7 34| 7 39. 7 43/37 
| 3816 55/6 0217 OGI7 10] 7 7 17| 7 21| 7 25| 7 30] 7 34] 7 38) 7 43) 7 47 

3916 57|7 05|7 097 7 7 20] 7 25] 7 29] 7 33] 7 37) 7 42) 7 47) 7 51/39 
406 5917 07|7 11/7 15! 7 7 23) 7 28] 7 32| 7 37| 7 41) 7 46! 7 51] 7 56/40 
1} 4147 02/7 10\7 14|7 18] 7 7 27| 7 311 7 36] 7 40| 7 45| 7 50| 7 55! 8 OOl 41 
4217 04/7 1217 17|\7 21] 7 7 30| 7 35] 7 39| 7 44] 7 49] 7 55| 8 00) 8 05| 42 
43 |7 06|7 15|7 1917 24] 7 7 33] 7 38] 7 43] 7 48] 7 53| 7 59) 8 04| 8 10/43 
1 4417 O9|7 18|7 22|7 27| 7 7 37| 7 42| 7 47| 7 52] 7 58] 8 04] 8 09, 8 16/44 
45 |7 11/7 2117 25/7 30] 7 35| 7 40) 7 46' 7 7 67| 8 03! 8 08] 8 15] 8 21/45 
46 |7 14/7 24/7 29/7 34] 7 39] 7 44] 7 501 7 8 01] 8 07| 8 14] 8 20 8 27/46 
47 |7 17 2717 32|7 37| 7 43] 7 45] 7 54] 8 & 06] 8 12| 8 19] 8 26 8 33/47 
48 |7 19]7 30/7 3517 41] 7 47| 7 53] 7 59] 8 8 11] 8 18] 8 25) 8 32) 8 40/48 
49 |7 22/7 33|7 39\7 45| 7 51) 7 57| 8 03] § 8 17] 8 24] 8 31] 8 38 8 46/49 
50|7 25/7 37/7 43/7 49] 7 55| 8 02) 8 08] 8 8 22] 8 30) 8 37| 8 45: 8 54/50 
5117 29/7 41|7 47|7 53] 8 00] 8 O06] 8 13] 8 8 28] 8 36] 8 44) 8 53) 9 02/51 
52|7 3217 45/7 517 58] 8 05] 8 12] 8 19] 8 8 35| 8 43] 8 52) 9 O1] 9 11/52 
5317 36|7 49|7 56/8 021 8 10] 8 17] 8 25] 8 8 41] 8 50) 9 00! 9 09) 9 20/53 
5417 4017 53/8 00/8 08] 8 15] 8 23] 8 31] 8 8 49] 8 58) 9 08} 9 19 9 30} 54 
55|7 44|7 5117 55/8 05/8 13] 8 21] 8 29] 8 38] 8 8 57| 9 07| 9 18| 9 29] 9 42) 5: 
56|7 48!7 03/8 11/8 19] & 27] 8 36] 8 45] 8 9 05) 9 16] 9 28! 9 41) 9 55156 
57 |7 52/8 08/8 16/8 25] 8 31| 8 43] 8 531 9 9 15] 9 27| 9 40) 9 5410 11157 
58|7 57 14|8 22/8 32] 8 41} 8 51] 9 02] 9 9 25| 9 38] 9 5310 1010 30'58 
59|8 02 20/8 29/8 39] 8 49] 9 O00] 9 11] 9 9 37| 9 52/10 0910 2910 56) 59 
60 [8 os|s 26/8 36/8 47| 8 54] 9 O08] 9 22) 9 9 5110 08/10 28/10 55 12 00} 60 
61/8 14/8 3418 4118 55] 9 07] 9 20] 9 34) 9 49]10 07]10 27/10 54/12 00 61 
62 |8 2018 4218 53/9 05] 9 18] 9 32] 9 47{10 05/10 26]10 54)12 00 62 
63 |8 27/8 50/9 02/9 16] 9 30] 9 46|10 04|10 25]10 53]12 00: 63 
6118 35/8 90/9 13/9 28] 9 44}10 02/10 24]10 52/12 00 64 
65 |S 44/8 5/9 LO 22110 51|l: | 65 
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TABLE XLIV. 


For finding the APPARENT TIME of the PRINCIPAL STAR’S passing the 
MERIDIAN throughout the YEAR. 


January. February. 

th. h. .| bh. m. .|| h. m.} bh. m. h. m.{ h. m. 
Algenib ...) 5 17 4 56| 4 34| 4 12] 3 51] 3 30 3 5] 2 46 1 47; 1 28 
Schedar ...; 5 43) 5 21} 5 0} 4 38) 4 17] 3 56)\ 3 31] 3 11 13] 1 54 
Polar Star.| 6 10) 5 48) 5 27| 5 5) 4 44) 4 23)) 3 58) 3 < 2 40) 2 21 
Mirach,...| 6 13) 5 51) 5 30) 5 & 4 47] 4 26) 4 2113 2 43! 2 24 
Achernar ..| 6 44] 6 22} 6 1) 5 39) 5 Ls} 4 57)} 4 32) 4 3 13) 2 55 
Arietis...| 7 10) 6 48] 6 27} 6 5] 5 44) 5 236 4 58} 4 3 39) 3 20 
Menkar ...; 8 6) 7 44) 7 22) 7 1) 6 40) G6 19) 5 54) 5 35| 4 16 
Algol .....| 8 10) 7 48) 7 26 75 6 43) 6 22] 5 58) 5 & 39] 4 20 
Perseus...| 8 24] 8 3] 7 41] 7 20} 6 58] 6 37|| 6 13) & 54] 4 35 
ALDEBARAN| 9 38] 9 16] 8 54) 8 33] 8 12) 7 51] 7 27/7 8} 5 49 
Capella... .{10 16} 9 54) 9 32) 9 11) 8 49) 8 29) 8 4) 7 44) 7 24) 7 5 46| 6 27 
Rigel .....|10 18) 9 56] 9 34) 9 13) 8 52) 8 32) 8 7] 7 47| 7 27/7 7 48} 6 29 
Taurus....|10 27|10 5/ 9 44) 9 22; 9 I 8 40] 8 16) 7 56) 7 36) 7 16 57| 6 38 
Bellatrix ..|10 28110 6] 9 44) 9 22) 9 1) 8 40] 8 17| 7 56) 7 36) 7 17 58! 6 39 
Orion...../10 35|/10 13} 9 51] 9 30) 9 9} 8 48) S 24,8 4) 7 44/7 24 [ 6 46 
Orion.....|10 40/10 17} 9 56) 9 34| 9 13) 8 52/1 8 28) 8 8] 7 48| 7 28 6 50 
Columba ../10 46/10 24/10 2/ 9 40) 9 19) 8 58]| 8 34] 8 14) 7 54) 7 35 6 56 
Beteiguese .|10 58/10 36/10 14] 9 52) 9 31} 9 LO) 8 46] 8 26) 8 6 7 47 7 9 
Canopus... .J11 32/11 10/10 49)/10 27/10 6] 9 45\) 9 20) 9 O} 8 41) 8 21 7 43 
Sirius..... 11 50/11 28i/ll 610 44/10 23/10 2i| 9 37) 9 17} 8 58 8 39 8 0 
Castor ....{12 36/12 L411 52/11 9 43) 9 23 8 46 
Procyon ...j12 42)12 20]11 S8/L1 & 50| 9 30 8 53 
PoLtux ...j{12 47/12 25/12 3/11 54, 9 35 8 57 
Argo Navis|13 LO|12 48/12 25/12 17) 9 58 9 20 
Argo Navis|l3 16)12 54/12 33/12 9 27 
Argo Navis 3 52/13 30/13 5/12 2 
Argo Navis)l4 23/14 1]/13 39/13 33 
Alphard ...|14 30/14 8|13 46/13 41 
Reeuius ..|15 L014 48/14 26/14 11 21 
Ursa a Major 16 2)15 15 41/15 18/14 12 51 12 32)12 13) 


x 


a 


* 4 


B 


a 


Seginus . 


Rastaban. 


a 
a 


a Aquarius.. 
a Grux 


~ Dubhe ....{16 
Deneb.... .j16 
Ursa Major 16 
Cras “seca aile 
Conx % spay 
SPICA.... 18 
Benetnach ,|18 
Centaur ...}19 
Draco.....,)19 
Arcturus .. 19 
res |) 
Centaur. ..{19 
Zubenesch .|19 
Zubenelg . .|20 
Alphacca , .|20 
Serpens ...|20 
ANTARES ../21 
Rus rds a 
Rus Alhugue 22 

123 


23 41 


Vera &.. 
AQUILE... 
Payo Oi % 
Deneb..... 
Alderaimin. 


FoMALHAUT 
Scheat. .. 
M ARC aB.. 
Alpheratz. 


Oe mm WW hee © 


of 


41 


15 42/15 20114 59 
29116 715 
34/16 12/15 
6)16 44/16 
11)16 49)16 
5|17 43/17 
30}18 817 
41/18 19)17 
49/18 27|18 
56/18 35)18 


13|18 52/18 
16)18 56/18 
29)19 718 
56})19 3419 
15|19 54/19 
24/20 2/19 
7|20 45/20 
55/21 33/2] 
15/21 53/21 
41/22 19/21 


23 19|22 57/22 
0 34 
1 4 


im CoO 8 Do hO bo 
eBWwwwn nee OS 
wwh bh be oo Ww 


co 
J 


— | — ——— _ } —_—_ | ———_|| - —____|__-_|_-e——— | —____ | —___—___ 
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For finding the APPARENT-TIME of the PRINCIPAL STAR’S passing the 
MERIDIAN throughout the YEAR. 


TABLE XLIV. 


269 


|_| | | | SS 
——— ff ee yO 


mow wh NH = = So 


NMAAHAAAMAAMMIAA 


39) 0 y 

5| 0 47) 0 0 ‘ 

32; 1 14) 0 0 0 15/23 

34); 1 16) 0 0 0 18/23 

6) 1 48) 1 1 0 49) 0 0 
32} 2 14) 1 1 1 15) 0 0 
27; 3 9 2 2 2 11) 1 1 
30} 3 13) 2 2 2 15) 1 1 
45] 3 28] 3 2 2 30} 2 J 
59) 4 41) 4 4 3 43} 3 25) 3 
37| 5 19) 5 4 421) 4 3/3 - 
40} 5 211 5 4 4 23) 4d 5] 3 
49} 5 30) 5 4 4 32) 4 14) 3 
49) 5 31] 5 4d 4 33) 4 16) 3 
57} 5 38] 5 5 4 40] 4 22) 4 
1} 5 43) 5 5 4 44) 4 26) 4 
7} 5 49' 5 5 4 51} 4 32) 4 
19° 6 15 5 5 3] 5 45) 4 
54) 6 35) 6 5 & 37) 5 19) 5 
11} 6 53) 6 6 5 55} 5 36) 5 


| rr rr, | i |, | rr, | ee, | 


Algenih ...| 1 
Scredar ...| 1 
Polar Star .| 2 
Mirach....| 2 
Achernar ,.| 2 
a ARIETIS...| 3 
Menkar ,..| 4 
Algol .....| 4 
a Perseus...| 4 
ALDEBARAN| 5 
Capella....| 6 14) 5 
Rigel .....| 6 17) 5 
8 Taurus....| 6 26} 6 
Bellatrix ..| 6 26) 6 
§ Orion.....| 6 34] 6 
« Orion.....| 6 38) 6 
a Columba..| 6 44| 6 
Betelguese .| 6 56| 6 
Canopus ...| 7 31] 7 
Sirius..... 7 48) 7 
Caster ....| 8 34 8 15 
- Procyon...) 8 41! 8 22 
PotLux ...| 8 45] 8 27 
& Argo Navis| 9 8! 8 50 
y Argo Navis} 9 15] 8 56 
3 Argo Navis| 9 50} 9 32 
B Argo Navis|10 21/10 3 
Alphard ....{10 29/10 10 
ReGuLus ..j11 9/10 50 
8 Ursa Major|12 1)11 42 
Dubhe ....|12 Qj11 44 
Deneb.... .|12 50/12 31 


y Ursa Major|12 54/12 
a Crux .....{13 27/13 
y Crux ...../13 3113 

Spica.....|14 26/14 

Benetnach .|14 50|14 
8 Centaur...{15 
a Draco..... 

Arcturus .. 

Seginus ... 
Centaur...|15 38/15 
Zubenesch 15 51}15 
Zubenelg . 16 16)15 
Alphucca ..|16 36/16 
Serpens ...|16 44/16 
Antares ../I7 27/17 
Ras Algethiil8 15|17 
Ras Athague|18 35)18 
Rastaban, .j|19 1/18 


Vega .....|19 48/19 
a AQUILZ ,,./20 51/20 
a Pavo.....|21 20/21 
Deneb.....,21 44/21 
Alderaienin .|22 23/22 
a Aquarius. .|23 4/22 
a Grane i 612354522 
FoMALHAUT|23 56/23 
Scheat 0 1/28 
Marcar...| 0 8123 
Alpheratz..! 1 11] 0 


«ese 


eCommamonnns 


WDOOMANVNNAS 
CHOMOANYAVA 
CMHDNVWNADD 
ClLOMMMDNNYAHABAAOG 
OMDNNGEAAGS 


eS eel | ee ee ee 


———— | | | | — | | | | | 


¥ 


1 270 TABLE XLIV. 


For finding the APPARENT TIME of the PRINCIPAL STAR’S passing the 
MERIDIAN throughout the YEAR. 


es 


June. 


a a cn en | i | | | ff te | 


Algenib ...\21 28/21 9120 50): O19 
Schedar ...|21 54|21 34/21 16/20 56120 36/20 16/19 
Polur Star .|22 2 1/21 42/21 22/21 2/20 43/20 
Mirach....|22 23/22 4/21 44/21 25/21 5/20 46//20 


Achernar . .|22 22 35/22 16): 16/20 
a ARIETIS...|23 y y y 2/2: | 42/121 
Menkar ...| 0 : 2: 2: IP 38)|22 
Algol ..... y 
a Perseus... 
ALDEBARAN 


i) 
or 
i>7) 
te 
nN 


ee ee ee a) Se See eee 


Capella....| 2 1 1 0 0 0 
Rigel .....| 2 1 35} 1 0 0 0 
8 Taurus....| 2 I 1 1 0 0 
Bellatrix ..| 2 1 1 1 0 0 
$ Orion.....| 2 1 j 1 0 0 
2 Orion.....| 2 1 l 1 0 0 
a Columba..| 3 2 1 1 0 0 
Betelguese .| 3 2 1 1 I 0 
Canopus ...| 3 2 2 2 I 1 
Sirius.....; 4 3 2 2 2 28 2 erent 21) J 
Castor? ..5.[°4 3 3 3 2 48) 2 27 6) 1 
Procyon ...| 4 3 3 3 2 54) 2 34) 2 13) 1 
PoLtLux...; 5 4 3 3 2 59) 2 38) 2 18) l 
£ Argo Navis| 5 4 4 3 45] 3 21) 3 UO} 2 41) 2 
y Argo Navis| 5 ‘4 4 3 3 23! 3 7| 2 47) 2 
§ Argo Navis} 6 5 4 4 4 3) 3 43} 3 22) 3 
8B Argo Navis| 6 5 5 4 4 35] 4 14] 3 54] 3 
Alphard ... 5 5 5 442} 42214 33 
REGULUS .. 6 6 5 5 22} 5 2) 4 41) 4 
&@ Ursa Major 7 6 6 6 14| 5 54] 5 33] 5 
Dubhe .... 7 6 40|| 6 16} 5 56] 5 35| 5 14) 4 
Denedb 8 7 28! 7 3/6 43| 6 22/6 1/5 41} 5 20 
y Ursa Major 8 7 T 8 6 47| 6 27| 6 5 45) 5 24 
A Ob ea ee 8 8 7 40) 7 20) 6 59) 6 6 171 5 57 
PeCINE! vs asd 8 8 7 45| 7 21] 7 4) 6 6 22/6 1 
SPICGAS . os 9 9 8 39) 8 18] 7 58] 7 7 17) 6 56 
Benetnach .\11 9 27) 9 3) 8 43) 8 23} 8 7 41) 7 20 
8 Centaur... 9 9 14] 8 55] 8 34] 8 7 52! 7 31 
a Draco..... 9 9 22} 9 2| 8 41) 8 8 0O| 7 40 
Arcturus .. 9 9 30; 9 10; 8 49) 8 8 8! 7 47 
Seginus ... 9 47| 9 27;9 6 8 8 268 5 
a Centaur... 9 51,9 30/9 9 8 8 29'8 8 
Zubenesch . 10 3} 9 43} 9 22) 9 8 42; 8 21 
Zubenelg .. 10 30|)10 9) 9 49) 9 9 7) 8 46 
Alphacca .. 10 50/10 29/10 8| 9 9 27/9 6 
a Serpens... 10 58|10 37/10 17| 9 9 35} 9 14 
ANTARES .. 1h 41}11 20|11 Oj}10 18; 9 57 
Ras Algethijl4 12 29/12 8/11 48)11 6|10 45 
Ras Alhague|14 12 49'12 29112 S11 47)11 26/11 6 


| eee | ee | | SSF 


13 53)13 33)13 12/12 51/12 31/12 10 
15 4/14 43/14 23/14 3/13 42)13 21 
a Pavo..... 15 33/15 12)14 52|14 31}14 11)13 50 
Deneb..... 15 67/15 86/15 16)14 55/14 34/14 14 
Alderaimin .|18 16 36/16 15}15 55/15 34/15 1314 52 
a Aquarius.. 17 18/16 58/16 37|16 16/15 55|/15 35 
BM USTUR'S ah a) 17 18/16 58/16 37/16 16/15 56/15 35 
FoMALHAUT|20 18 917 A917 28/17 716 4616 26 
‘ A118 17)17 56)17 35)17 15)16 54116 33 
MaARCaB.. ‘l20 y 2:18 42/18 17/17 57/17 36/17 15/16 55/16 34 

| Alpheratz. .|21 23/21 4/20 45/20 25/20 5,19 45||19 21/19 O}18 39/18 


Vega ..... 
a AQUILE... 


TABLE XLIYV. 7 o71 


For finding the APPARENT TIME of the PRINCIPAL STAR’S passing the 
MERIDIAN throughout the YEAR. 


July. 


Algenib ... 
Schedar ... 
Polar Star. 
Mirach.... 
Achernar .. 
a ARIETIS... 
Menkar ...(: 50/19 
Algol... 53/19 
a Perseus... 8)19 
ALDEBARAN|2k 21/21 1/20 


Capella... .|22 20/21 59/21 39/21 y 16|19 5619 37|19 19119 O18 42)} 
Rigel .....]22 22/22 2/21 41/21 y 20 L8}19 59/19 40/19 21119 2/18 44)) 

8 Taurus..../22 31/22 11/21 50/21 y 20 27/20 S819 49/19 30/19 11]18 53 
Bellatrix . (22 32/22 11/21 51/21 y 28/20 G/19 49/19 31/19 12/18 54 

§ Orion...../22 39/22 18/21 58/21 3sk 20 35/20 16/19 57|19 35/19 19]/19 1 

22 43/22 23/22 2/21 y 0 39/20 20120 Ij1Y¥Y 42/19 24/19 5 

a Columba ../22 49/22 29/22 8/21 48/21 28): 120 46/20 26/20 719 48/19 30/19 1 

Betelguese .|23 2/22 41/22 21/22 Oj: : 20 55/20 39:20 19/20 1/19 42/19 24 
Canopus .. .|23 36/23 16/22 §5|22 35): y i 32/21 13/20 54/20 35/20 17/19 58)f 
93/23 33/23 12/22 22 S2\z 21121 S021 30/21 L1/20 52/20 34/20 1L5ik 

Custor .... 3! 0 2: 223 S5/23 18/22 58/22 34/22 15/21 56/21 38/21 20/21 14] 

Procyon... 0 G/23 45/23 25/23 22 41/22 22/22 3/21 45/21 26/21 8 

POLLUX... 7/21 50/21 31/21 12 

€ Argo Navis 2 30/22 12/21 5: 35 
y Argo Navis 37/22 19/22 1/21 42)) 
$ Argo Navis 3/2 
8 Argo Navis 
Alphard ... 
REGULUs .. 
8 Ursa Major 
Dubhe .... 
“Deneb..... 
Ursa Major 
Re is. 
Crux ..'s 5. 


leootommooo 
Ineees 
ocooanccse 
Der K OSC 


Benetnach . 
Centaur... 
Draco.:... 
Arcturus .. 
Seginus ... 
Centaur... 
Zubenesch . 
Zubenelg .. 
Alphucca .. 
Serpens... 
ANTARES .. 


NHHGSAAITHhR PWC WNHNNH KK CoS 
aooanrar kh » Ww 
QOonrn om WwW & bO 
aanra kh www wbd| we OCS ww 
aaah kROWKWh Ww 

ofr Pp PR WWH NK] OO CS 

mw wwnd nd & © 


AAADD WM 


OnwWDMNWN 
ceeiaaas 
WDOBDRANYVNIACE 
CDOMDNAINDOS 
DaANNNSASS 
OMNANMAAAANS 
MODMDVMOAOAAMMN 
5 Seer eS 


Vega .... [IL f : j 29 | 
AQUILE .. «113 : j ¢ 41 9 22| 
Pavo .... 6,13 : é } ; 9| 9 5 

’ / pot \ 
Alderaimin. 14 3: { ‘ ‘ y ‘ ( 12/10 53 
Aquarius, .j15 3/1: : é f ; 54j11 36 
Grux ...,.{15 2)12 54/11 36 
FoMALNAUTII6 4 - 2 45|12 27 
Scheat ....|16 é : 2 53)12 34! 
Marcas...|16 32:15 1: 3114 §3]12 35 
Alpheratz. .\17 16)16 B511G 1L5|15 55/15 3515 12\14 53! 57\13 34 


272 TABLE XLIYV, 
For finding the APPARENT TIME of the PRINCIPAL STAR’S passing the 
MERIDIAN throughout the YEAR. 


September. _ October. 
26 1 6 ll 16 


SS Ne ee ee ee ee ee 


h. m./} h. m.| bh. m.| h. m.| h. m./ h. m.j h. m, 

Algenib ...{13 c O11 51)11 33/11 15]10 57/10 38/10 19/10 oOo 
Schedar ...|13 43/12 , 36/12 18/12 OF 41/11 23/11 4/10 46/10 27 
Polur Star .|14 212 44/12 26/12 S811 50)11 31/11 12/10 53 
Mirach....|14 5112 47/12 29/12 IVLL 52)11 34/11 15/10 56 
Achernar ,.\14 36/13 18/13 O12 42)/12 24:12 5/11 46/11 27 

a ArRieETIS...|15 3] 1 2113 44/113 26/13 8/12 50/12 31/12 12/11 53 
Menkur ...\16 j 58/14 40/14 22/14 4/13 46/13 27/13 s/l2 49 
Algol .....|16 2114 44) 14 26/14 7/13 49/13 31/13 12/12 53 
«2 Perseus...|16 17\14 59/14 41/14 23)14 4/13 46/13 27/13 8 
ALDEBARAN|I7 31/16 13/15 55/15 37/15 18/15 0/14 41/14 22 


Capella... .|18 2 9116 50/16 33/16 14)15 56/15 38/15 1915 0 
Rigel .....|18 10j}L6 52/16 35)16 17/16 0/15 40/15 21/15 2 
8 Taurus....j18 37|17 19/17 1/16 44/16 26/16 8SL5 49/15 30/15 11 
Bellatrix . .|18 ‘ 20/17 2116 4516 26/16 8/15 50/15 31/15 12 


3 Orion.....|18 a7ll7 9116 51/16 34/16 15|15 57/15 38/15 19 
e Orion..,..{18 31/17 131116 55/16 37116 2016 1/15 42/15 23 
2 Columba .,|18 37117 19l117 1116 43/16 2646 7/15 48|15 29 
Betelguese .|19 50117 32/17 14116 55/16 37/16 20/16 Ol1s 42 
Canopus .. .|19 24118 GIIL7 48/17 80117 12/16 53/16 34/16 15 
Sirius. ... 119 4i{L8 23118 5/17 47117 29/17 10116 52/16 32 
Custor ..../20 19 9/18 61/18 33|18 15/17 57|17 37\17 1s 
Procyon ...|20 34119 161118 58118 40/18 22/18 4l17 44/17 25 
Pottux ...|20 39119 21ll19 2118 44/18 27/18 7/17 49117 30 
1/19 44/19 25/19 7/18 49/18 30118 12/17 53 
8i19 50/19 32/19 14/18 56/18 37/18 18/18 0 
44/20 26]20 s|19 50/19 31/19 13/18 54/18 35 
15/20 57\l20 39/20 21120 3/19 44/19 26/19 6 


Alphard sietiae 3/21 5}/20 47/20 29/20 10|19 52/19 33/19 14 
REGULUS ..|23 3/21 451121 27/21 9/20 50/20 32/20 13/19 54 
55/22 37/|22 19/22 1/21 43/21 24/21 5/20 46 
0 1s 57/22 39/22 21/22 3/21 44/21 26/21 7/20 48 
ere as 0 43/23 25/123 8/22 50/22 32/22 13/21 54/21 35 
y Ursa Major} 1 48123 30/123 12/22 54/22 36/22 17|22 0/21 40 
RPOTux cvelert © 0 6/123 44/23 26/23 8/22 50/22 31/22 12 
MTU crea sl 14 0 10/23 48/23 30/23 12/22 54/22 36/22 16 
SPICA SF. F312 1 59 1 5]) O 47| 0 29] 0 10/23 48/23 30/23 10 
Benetnach .| 3 2 24 1 30!) 1 12] 0 53] 0 35) O 17/23 54/23 35 
8 Centaur...| 3 2 34 1 40)| 1 22} 1 4] 0 46) 0 27| 0 9/23-45 
a Draco.....| 3 2 43 1 49]) 1 31) 1 13} 0 54] O 36] O 17/23 54 
Arcturus ..| 3 2 51 1 57/) 1 39) 1 20) 1 2 O 44) 0 25; 0 6 
Seginus ...| 3 33 8 2 141) 1 56} 1 38) 1 19} 1 1) O 42) O 23 
a Centaur...] 3 < 3 11 2 17|| 1 59} 1 41) 1 23) 1 +4) O 45] O 26 
Zubenesch .} 3 8 24 2 30]} 2 12) 1 54]) 1 35) 1 17) O 58) O 39 
Zubenelg ..| 4 3 49 2 5711 2 39} 2 20; 2 2) 1-43)°1 25) 1) G 
Alphacca ..| 4 - 4 9 3 16]| 2 58} 2 40} 2 22} 2 3] 1 44] 1 25 
a Serpens...| 4 4A 18 3 24) 3 7) 2 48) 2 30) 2 12) 1 53] 1 34 
ANTARES ..| 5 ee | 4 7 3 49) 3 30} 3 13) 2 54) 2 36) 2 17 
6 5 49 4 5511 4 371 4 18} 4 O13 42) 3 23) 3 5 
6 6 9 6 15|) 4 57] 4 39] 4 20) 4 2) 3 43) 3 24 
Rastaban..| 7 6 35 5 41] 5 23) 5 4] 4 46) 4 27; 4 9 3 5 
Vega .....| 7 7 6 19) 6 1| 5 43| 5 25/5 6] 4 47| 4: 
tic AQUILE...| 9 8 7 30|| 7 12| 6 54) 6 36] 6 17| 5 58 5 
a Pavo ooi..| 9 8 8 O|| 7 42! 7 23/7 5] 6 46] 6 28! 6 
Deneb.....| 9 9 8 24|| 8 5) 7 47] 7 29| 7 10] 6 52) 6 
Alderauimin.|10 9 9 3] 8 44) 8 26; 8 8 7 49 7 31| 7 
a Aquarius..|Il 9 45) 9 27; 9 9 8 50} 8 32) 8 13) 7 
a Grux.....jll 9 45)| 9 27; 9 OF 8 50] 8 32) 8 13) 7 
10 35/10 17;)10 0O| 9 41) 9 23) 9 4) 8 
12 10 42/|10 24/10 6) 9 50 9 30| 9 11/ 8 
MarcaB.. .|12 1911 110 43/10 25/10 7] 9 50) 9 31 9 12| 8 
Alpheratz.. 58/12 40/12 22/12 4/it 46/11 28|11 10/10 5210 33.10 14 9 


TABLE XLIV. 273 
For finding the APPARENT TIME of the PRINCIPAL STAR’s passing the 
MERIDIAN throughout the YEAR. 
Betty. at Noveinbern i: 918s l;aeiuel 
SR BEE: 


December. 


h. m.| bh. m.|-h. m.| bh. m.| h. m.{ hb. m./| bh. m.} bh. m, h. 

Algenib ...| 9 37| 9 17] 8 57] 8 38] 8 17] 7 56 7 34) 7 12 Bine 
Schedar ...|10 3) 9 44] 9 23} 9 3] 8 42] 8 22/18 117 39 6 
Polar Star .j|10 30/10 10} 9 50) 9 30) 9 9) 8 « 8 2718 5 6 
Mirach....|10 33)10 13} 9 53) 9 32} 9 11) 8 8 30} 8 8 6 
Achernar ..'\11 4/10 44|10 24110 4] 9 43] 9 9 0} 8 38 7 

a ARIETIS.../11 30/L1 10/10 50/10 30/10 9| 9 26) 9 5 7 
Menkar ...|12 26/12 611 46)11 26/11 5/10 22:10 O . 3 
Aivol .....|12 29/12 10j/11 50/11 29/11 8/10 26/10 4 8 

a Perseus...j12 44/12 25/12 511 44/11 223j/k1 41|10 19 8 
ALDEBARAN|L4 0113 39,13 I9|12 58/12 37|12 55/11 33}11 
Capella... .|14 36/14 17/13 57/13 36/13 15/12 33/12 11 97 0 42 
Rigel eee. (Ld 39'14 19)13 5913 3913 18/12 35,42 13/41 

8 Taurus....j14 48/14 28|14 8/13 48/13 27/13 j12 44/12 22/12 
Bellatriz ..j14 48|14 29/14 9/13 48]13 27,13 45.12 23/12 

3 Orion.....j/14 56/14 36/14 16/13 55/13 35/13 §2])12 30\12 

« Orion.....{15 O14 40/14 20/14 0/13 39/13 56/12 35/12 

a Columba..'15 6)14 46/14 26)14 6/13 45/13 2112 41/12 
Betelguese .|15 18/14 58/14 39]14 18/13 57/13 36 15/12 53}/12 
Canopus .. .|15 52)15 33|15 12)14 53]14 31/14 49/13 27/13 
Sirtus..... 16 915 49115 29115 9}14 45)14 4 6)13 45/13 
Castor ....|16 55|16 35/16 15/15 55/15 34:15 13]]14 51/14 30/1 
Procyon...J17 2/16 42/16 22/16 2/15 41/15 58/14 36 
PoLLux ...j17 6/16 46/16 26/16 6/15 45/15 2)14 41 

é Argo NavislL7 29/17 9]16 49/16 29)16 8|15 515 4 

y Argo Navis|17 36]17 16/16 56/16 37}16 15/15 32/15 10 

b) Argo Navisi\l8 12,17 52)17 32117 L116 51/16 15 46)15 

8 Argo Navis|l8 43/18 23|18 3/17 43/17 22/17 39/16 18|15 
Alphard «ef 18 SLUL8 3BLI8 LLL7 50)17 30/17 16 25|16 
ReGuLus ..|19 31/19 11/18 51/18 30/18 10/17 i7 5\|16 

8 Ursa Major|20 23/20 3/19 43/19 23/19 2/18 19DL7 57/17 
Dubhe ....|20 24/20 45/19 45/19 24/19 318 « > QiILT S917 
Deneb.... ./21 12)20 52/20 32/20 ITIJ19 51/19 818 46/18 

y Ursa Major|21 16/20 56/20 36)20 16/19 55/19 13{18 51/18 

a Crux .....21 49/21 28/21 8/20 48!20 26/20 6 45|19 22)19 

y Crux ...../21 53/21 34/21 12/20 53/20 31/20 49}19 27)19 
SPICA.... ./22 47/22 27/22 7/21 46/21 26)21 20 43/20 21/20 
Benetnach .|23 12)22 52/22 32/22 11/21 50/21 8/20 46/20 

B Centaur .. .|23 22/23 2/22 42/22 22/22 1/21 21 18/20 57/20 : 

a Draco...../23 30|23 11/22 51/22 30/22 9/21 48/21 27/21 5/20 - 
Arcturus ,.|23 38/23 19/22 59/22 38/22 17/21 35/21 13/20 
Seginus ...(23 56/23 36/23 16/22 55)22 35/22 21 52/21 30/21 24/20 2 

a2 Centaur...| 0 3/23 39/23 19/22 59/22 358/22 5/21 33/21 ‘ 27\20 5 
Zubenesch .| 0 16/23 54/23 32/23 11/22 51/22 y Si21 46/21 QA): 40/20 18 
Zubenelg .. 0 42) 0 0 2/23 38/23 17/22 35/22 13/21 9} 2 7|20 44 
Alphacca eee a or ae 1 0 22/23 58/23 37/23 16/22 54/22 33/22 21 26\21 4 

a Serpens...} 1 10) 0 0 31) 0 10/23 45/23 3)22 41/22 21 35/21 12 
AnTARES ..| 1 53] 1 1 13) 0 53) 0 32) 0 y 3 24/23 : 18/21 55 
Ras Algethii 2 41) 2 2 2) 1 41) 1 20) 0 59) 0 0 16/23 6|22 43 
Ras Alhague 3 H2)22 2 22} 2 1) 1 40) 1 19] O 0 36) 0 26/23 4 
Rastabun ..| 3 26) 3 2 481 2 27, 2 6) 1 45) 1 1 2/0 
Se A 6513 3 25) 3 5) 2 45) 2 23) 2 1 40) 1 0 

a AQUILZE...| 5 16) 4 4 36] 4 16] 3 55} 3 34] 3 2 51) 2 1 

AE AVO coos) -D 45155 5 5| 4 45) 4 24) 4 31 3 3 20 2 2 
Deneb..... 6 65 4 5 291 5 9) 4 48] 4 27) 4 3 44) 3 2 
Alderaimin.| 6 48] 6 6 8] 5 48] 5 27) 5 6 4 4 23) A 3 

a Aquarius..| 7 30| 7 6 51) 6 30] 6 9) 5 48] 5 5 6] 4 3 

APEOTUX iis tee Ol] oe 6 51| 6 30) 6 10) 5 48] 5 5 54 3 
FoMALHAUT) 8 22) 8 7 42| 7 21; 7 O| 6 39] 6 5 56! 5 4 
Scheué ....| 8 29) 8 7 49| 7 2917 8| 6 47) 6 6 3) 5 4 
MARCAB...| 8 30) 8 10] 7 50) 7 291 7 o| 6 47) 0 6 45 4 
Alpheratz..! 9 32] 9 12| 8 53] 8 33] 8 12] 7 51], 7 2917 81 G 6 


TABLE XLV. 
‘For finding the TIME most advantageous for observing the Altitude of a 


celestial Object, in order to ascertain the Apparent Time. 
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Declination of the same name with the Latitude. 
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276 TABLE XLVI. 
For finding the ALTITUDE of acelestial Object most advantageous for 
ascertaining the Apparent Time. 


Declination of the same name with the Latitude. 
go | Joo | 12° | 14° | 16° | 18° } 20° , 
Oo NO” SPO! TES e1Oo baer eee 

0 OO OO 0 
7 12) 5 46) 4 4 5 ae 1 

14 3ij11 36] 9 40 18} 7 16 29] 5 5] 
3122 SILT 32/14 35/12 30/10 57] 9 45] 8 
52/30 5/23 41/19 36/16 45|/14 40/13 3]il 
30/38 46/30 $/24 47/21 7/18 26 16 23}14 
0/48 41/37 1/30 11/25 36/22 
4161 7/44 34/35 53/30 15/26 14)23 14/20 
41/90 0/53 16442 1/385 7/30 
56/62 50/64 16/48 48/40 17/34 


371/53 16 16/90 0 0/56 38 351415 52/39 3/34 
36/52 4/43 48 

0159 15/48 58/42 

33/68 25 


tO PaO A RLOe a rio a 
0} 0 O 0} 0 oO 0 
4 29) 9 37 94 8 8! 3 14] 2 
119 30 8 18 6 


CARAT h whe © o| 


6 


AAAantnItnws 


0 

0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0] 5 siti dull? 4524 4 

O Of 5 35|11 13/16 57/22 

O 6} 5 21/10 44/16 12/21 

0 oO 5 70 17]15 31/20 : 

@ 6} 4 55] 9 53]14 53/20 

0 0, 4 44] 9 30/14 19)19 

O 0} 4 34] 9 G13 48]18 3 

O 6} 4 25) 8 SOLS 19}17 

0 0} 4 16] 8 33/82 52]17 

0 O14 8| 8 Loli2 27/16 

0 O14 Of 8 112 416 

0 O| 3 53) 7 47[L1 43}15 

O O13 47] 7 34/11 23/85 

@ Oo} 3 40) 7 22/11 . 4/14 

O 6] 3 35] 7 10/10 46]14 

0 0] 3 29] 6 5810 30|14 

0 0] 3 24] 6 49/10 16/13 

0 6} 3 19] 6 39/10 O13 

0 0} 3 15) 6 31] 9 47/13 

0 Oo} 3 11] 6 22] 9 34)l2 
40|0 Of 3 7} Geis} 9 22/12 “bz 
41] 0 O13 3] & 6] 9 10/12 
42|0 0] 2 59] 5 59] 8 59)12 
43] 0 0} 2 56] 5 52] 8 49/11 
44] 0 0] 2 53] 5 46 8 39/11 
45] 0 0} 2 50] 5 40] 8 30/11 
46 | 0 0} 2 47] 5 34]°8 2i|11 
47 | 0 0] 2 44] 5 28] 8 13/10 
48/0 0 2 42/5 23/8 5/10 
49 | 0 0} 2 39) 5 18] 7 55/10 
50} 0 0} 2 37] 5 13] 7 51/10 29 17 
52] 0 0| 2 32)5 5| 7 37/10 
54] 0 0] 2 28] 4 57] 7 25] 9 
56 | 0 0} 2 25) 4 50] 7 15] 9 
58 | 0 0] 2 22) 4 43,7 519 
60 | 0 0} 2 19) 4 37] 6 56] 9 
62 | 0 Oo] 2 16] 4 31] 6 47/ 9 
64 | 0 0] 2 14] 4 27] 6 41] 8 
66/0 0] 2 11] 4 23] 6 34] 8 
68 | 9 0} 2 9| 4 19] G 28] 8 
7010 O|2 8} 4 15] 6 2318 


TABLE XLVI. 277 | 
For finding the ALTITUDE of acelestial Object most advantageous for 
ascertaining the Apparent Time. 


Declination of the same name with the Latitude, 
42° |} 44° } 46° 


——— ] ————_] —_——_—_-_| ——_—_—__-_———_ | ———————— / ——— | - 


°o oO Aga 3) bo (@) ‘ 
0 0 oO OO 0 0 
1 1 301 1 26] 1 23] 1 21 
2 2 59 2 53, 2 47] 2 42 
3 4 29] 4 19] 4 4 2 
4 5 59| 5 46} 5 5 23 
5 7 29] 7 12/ 6 6 44 
6 8 591 8 39! 8 8 5 
7 56/10 30/10 6] 9 45] 9 26 
8 30/12 O|LL 33/11 
9 |: 43|14 5113 31/13 3/12 
10 16 2315 40/15 2/14 29/13 
3 3/17 16/16 34]15 57|15 
12 44]18 52/18 G17 25/16 
13 26/20 29119 39]18 54)18 
14 8/22 7/21 12/20 23/19 
15 52/23 45/22 45/21 53/21 
16 36/25 24/24 20/23 23/22 
17 21/27 3/25 55|24 5323 


18 8128 44/27 30/26 25/25 
19 56130 26/29 7'27 57/26 
20 10/40 12/37 42/35 35/33 45132 9/30 44/29 30/28 23/27 24/26 31 


47|42 33/39 51/37 31/35 36|33 53/32 23/31 3/29 53/28 50/27 54 


22 31/44 59}/42 4/39 36/37 29/35 39/34 3/382 35/31 23/30 16/29 17 
23 24)47 30|44 20/41 40/39 24/37 26/35 44/34 14/32 54/31 43)30 40 
24 26/50 846 40143 47/41 2189 15/37 26/35 50:34 26/33 11/32 4 
25 42|52 54/49 6}45 58/43 21/41 6139 10/37 28/35 5934 40/33 29 
26 15|55 49|51 37/48 14/45 24143 0/40 56/39 8/37 33/86 9/34 54 
27 14/58 57/54 17150 34]47 31144 56/42 44/40 49/39 8137 39/36 21 


28 52162 49 41/46 5544 11/37 
29 50/66 57/48 57|/46 40 43/39 
30 0|70 : . 17/40 
31 776 5 52)42 
32 39/90 5 

33 38/76 

34 24/71 

35 40|67 

36 17\64 

37 11/61 

38 18|59 

39 37157 

40 55151 4155 

41 42\49 39153 

42 33148 21)52 

43 9150 

44 2/49 

45 G}48 

46 f 2\47 

47 j $/46 

48 a4 425175 


oe 
ee+aes Ye Wek Fore eerie 


50 34 54/37 hans 45 43 

{52 33 48/36 u4/39 23/42 
54 32 4935 28/38 10/40 35/43 43} 49 33/52 37|55 
56 31 55134 3 30,37 6139 5|45 57150 50\53 
58 i31 8133 37/36 8/38 5/43 53146 33/49 17|52 
69 '30 25/32 50135 16137 ) 13}42 4! 19147 55150 
62 '29 46|32 7/34 30/36 53): / 4 13/46 43/49 
64 29 11131 3033 481386 8/38 28 14/45 40/48 
G6 128 41/30 55133 11135 27); : 22\44 43/17 
68 |28 13/30 2632 38\34 41 36/43 53/16 


70 \27 48/29 5932 9/34 56143 10/45 
Se A a 


278 TABLE XLVI. 
Logaritums for finding the Correction to reduce the Moon’s Declination 
____or Right Ascension to any Time under the Meridian of Greenwich. _ 


__— 


MINUTES OF AN HOUR OR A DEGREE. 


4 5 6 


1.3010/1.1761)1.0792) OVO 
1.2986/1.1743]1.0777} 9988 
1.2962/1.1725}1.0763) 9976 
1.2939)1.1707|1.0749| 9964 
1.2915}1.1689)1.0734| 9952 
1.2891|1 1671}1.0720) 9940 
1.2868/1 1654/1.0766) 9928 
1.2845]1.1636)1.0692| 9916 
1.2821/1.1619}1.0678) 9905) 9249) 8679 
1.2798/1.16011.0663) 9893) 9238) 8670: 
1.2775)1.1584|1.0649) 9881) 9228) 8661 


|1.7050)1.4390)1.2753)1.1566 1.0635] 9869] 9218] 8652 
'1.6990,1.4357|1.2730/1.1549|1.0621| 9858) 9208) 8643 
'1.6930,1.4325 1.2707/}1.1532|1.0608) 9846; 9198} 8635 
2/1.6871/1.4292)1.2685]1.1515)1.0594| 9834) 9188] 8626 
2|1.6812)1.4260/1.2663}1.1498]1.0580) 9823) 9178) 8617 
3522)1.6755)1.4228)1.2640)1.1481|1.0566 
1.6698 1.4196 1.2618)1.1464}1.0552 
1.6642, 1.4165|1-2596/1.1447/1.0539 
1.6587|1.4133)1.2574}1.1430)1.0525 

1.6522 1.4102)1.2553}1.1413}1.0512 


2.2341 1-6178|1.4071 1.2531|1.1397|1.0498 
2.2139) 1.6425 1.4040|1.25 10|1.1380)1.0484 
2.1946 1.6372 1.4010|1.2488]1.1363|1.0471 

4 |2.1761/1.6320|1.3979)1.2467|1.1347|1.0458 
2.1584 1.626911 3949|1.2445/1.1331/1.0444 
Be 6218 1.3919]1.24241.1314)1.043] 

27 |2.1249/1.6168 1.2403|1.1298|1 0418 
28 |2.1091/1.6118 1.2389|1.1282|1.0404 
29 2.0939'1.6069 1.3831|1.2362|1.1266|1.0391 
30 [2.0792 1.6021|1.3802!1.2341]1.124911.0378 


“BI (2.0649 1.5973 1.3773] 2320|1.1233)1.0365 
82 |2.0512)1.5925)1.3745)1.2300|1.1217|1.0352 


1.7782, 
1.7710, 
1.7689) 
2)1.7570 
1.7501 


1.4771 
1.4735 
1.4699 
1.4664 
1.4629 
1.4594 

(1.4559 
1.7302|1.4525 
11.7238)1.4491 
(1.7175)1.4457 
1.7112)1.4424 


8152 
8144 
8136 
8128 
8120 
8112 
8104 
8097 
8089 
8081 


8073 
8066 
8058 
8050 
§043 
8035 
8027 
8020 
3} 8012 
8004 


7997 
7989 


9800) 9158) 8599 
9788] 9148) 8591 
9777| 9138] 8582 
9765} 9128) 8573 
9754 
9742 
973\ 
9720 
9708 
9697 
9686 
9675 
9664 
9652 


9641 
9630 


26 
1.3890) 
1.3860 


33 
34 
35 
36 
37 
38 
39 
40 
4] 
42 
43 
44 
45 
46 
47 
48 
49 
50 


51 
52 
53 
54 
55 
56 
57 
58 
59 
60 


2.0378, 1.3716 
2.0248. 
2.0122 
2 0000 
1.9881 


1.5878, 
1 58321 3688 
1.97861.3660 
1.5740,1.3632 
1.5695 )|1.3604 


1.9765] 
1.9652) 
1.9542! 


1.5651/1.3576 


1.9331 
1.9228) 
1.9128 
1.9031 
1.8935 
1.8842 
1.8751 
1.8661! 


1.5310)1.3362 
1.5269|1.3336 
1 5229|1.3310 
1.5189!1.3284 
1.8573}1.5149]1.3259 


1.8487 1.5110/1.3233 
1.8403 1.5071|1.3208 
1.8320 1.5032)1.3183 
1.8239 1.4994'1.3158 
1.8159, 
1.8081 1.4918 


1.3108 


1.8004 1.4881)1.3083; 


1.7929 1.4844 1.38059 
1.7855 1.4808 1.3034 


1.5607|1.8549)1.2159]1.1107!1.0261 
1.5563/1.3522/1.2139/1.1091/1.0248 


1.9435'1.5520)1.3495)1.2119)1.1076 
1.5477|1.3468)1.2099}1.1061/1.0223 
1.5435) 1.3441) 1.2080)1.1045|1.0210 
1 5393)1.3415)1.2061}1.1030/1.0197 
1.5351) 1.3388)1.2041/1.1015}1.0185 


| 


1.49561.3133. 


9619 
9608 
9597 
9586 
9575 
9564 
9553 
9542 
9532 
9521 
9510 
9499 
9488 
9478 
9467 
9456 


1.2279)1.1201}1.0339 
1.225911.1186/1.0326 
1.2239}1.1170)1.0313 
1.2218/1.1154/1.0300 
1.2198/1.1138)1.0287 
1.2178/1.1123/1.0274 


1.0235 


1.2022|1.0999}1.0172 
1.2003 1.0984/1.0160 
1.1984|1.0969.1.0147 
1.1965}1.0954|1.0135| 9446 
1.1946/1.0939}1.0122) 9435 


1.1927|1.0924]1.0110) 9425 
1.1908/1.0909}1.0098; 9414 
1.1889)1.0894/1.0085| 9404 
1.1871/1.0880)1.0073) 9393 
1 1852)1.0865}1.0061| 9383 
1.1834/1.0850}1.0049! 9372 
1.1816/1.0835/1 0036) 9362 
1.1797)1.0821)1.0024' 9351 
1.1779,1.0806)1.0012) 9341 


1.7782 1.4771\1.3010)1.1761/1.0792)1.0000! 9331 


8833 
8824 
8814 
8805 
8796 
8787 


87738 
8769 
8760 
8751 


7981 
7974 
7966 
7959 
795) 
7944 
7936 
7929 


7921 
7914 
7906 
7899 
7891 
7884 
7877 


7369, 


7862 


7855) 
7247 


7840 


7832, 


7825 
7818 
7811 
7803 


7796, 7381 
7789, 7374 
7782, 


7421| 7038 
7414! 7032 
| 7407| 7026 
7401} 7020 
| 73941 7014 
| 7387| 7008 
7002 
6996 
6990 


7368 


7427, 7044 


TABLE X 


LVII, 


mx 279) | 
nation 


Loearirums for finding the Correction to reduce the Moon’s Decli 


or Right Ascension to any Time under the iM Meridian of Greenwich. 


ce MINUTES OF AN HOUR OR A DEGREF. Gee 
— 3 Spee = SEE ER ee OA eS 
" 12 ibs ee ines Let 15 16 | 17 | 18 19 ; 20 | 21 1G 22 | 23 “ 
0 6990 oo] 20 6021] 5740. 5477 5229) 4994, 4771| 4559 4357| 4164 weeps 
1 6984] 6637| 6315) 6016) 5736) 5473) 5225) 4990, 4768) 4556] 4354| 4161 1 
2 6978] 6631) 6310) 6011) 5731) 5469) 5221) 4986) 4764) 4552! 4351; 4158 2 
3 6972) 6625) 6305, 6006] 5727) 5464) 5217| 4983: 4760) 4549] 4347) 4155 2 
4 6966| 6620) 6300) 6001) 5722) 5460; 5213! 4979! 4757| 4546] 4344] 4152) 4 
5 6960) 6614) 6294) 5997| 5718] 5456) 5209! 4975) 4753) 4542) 4341] 4149 5 
6 6954] 6609) 6289) 5992) 5713! 5452) 5205) 4971! 4750) 45389) 4338) 4145 6 
7 .| 6948] 6603 6284) 5987 5709| 5447| 5201) 4967| 4746 sas 4334| 4142 7 
8 6942) 6598] 6279; 5982) 5704) 5443) 5197 4964) 4742 4582| 43831} 4139 8 
9 6936) 6592) 6274 5977] 5700) 5489) 5193 4960 4739 ae 4328] 4136 9 
10 6930! 6587] 6269| 5973] 5695! 5435) 5189] 4956) 4735) 4525 4325| 4133! 10 
11 6924) 6581} 6264) 5968) 5691) 5430; 5185 4952' 4732| 4522 4522| 4321 4130 ll 
12 6918) 6576 6259, 9963 5686) 5426 5181) 4949) 4728] 4518] 4318] 4127] 12 
13 6912) 6570) 6254 5958) 5682) 5422) 5177) 4945) 4724] 4515) 4815) 4124) 13 
14 6906| 6565| 6248) 5954| 5677) 5418) 5173) 4941) 4721) 4511] 4311] 4120] 14 
15 6900} 6559) 6243 5949) 5673) 5414] 5169) 4937) 4717 4508; 4308 4117} 15 
16 6804) 6554) 6238 5944) 5669, 5409) 5165] 4933) 4714) 4505) 4805| 4114] 16 
17 6888} 6548; 6233 5939} 5664! 5405) 5161) 4930; 4710) 4501) 4802) 4111) 17 
18 6882] 6543 §228 59385 5660) 5401 5157| 4926) 4707! 4498) 4298] 4108] 18 
19 6877) 65388] 6223 5930) 5655) 5397| 5153] 4922) 47038, 4494} 4295} 4105) 19 
20 6871) 6532) 6218, 5925 5651) 53893 5149) 4918, 4699} 4491] 4292) 4102) 20 
21 6865| 6527 6213 5920 5646 5389] 5145| 4915] 4696) 4488] 4289! 4099] 21 — 
22 6859) 6521 6208 5916 5642 5384 5141] 4911] 4692) 4484] 4285] 4096] 22 
23 6853} 6516) 6203, 5911) 5637 53801 5137 4907] 4689) 4481] 4282) 4092] 23 
24 6847} 6510) 6198 5906) 5633) 53876) 5133) 4903, 4685| 4477| 4279) 4089] 24 
25 6841] 6505 6193; 5902 5629| 5372) 5129 4900) 4682 4474| 4276| 4086) 25 
26 6836] 6500) 6188) 5897) 5624! 53868) 5125) 4896! 4678] 4471) 4273] 4083] 26 
27 6830) 6494 6183) 5892 5620) 5364; 5122) 4892) 4675) 4467| 4269} 4080] 27 
28 6824| 6489) 6178 5888) 5615! 5359) 5118] 4889! 4671] 4464] 4266} 4077| 28 
29 6818} 6484) 6173) 5888) 5611) 5355} 5114) 4885! 4668] 4460) 4263] 4074] 29 
30 6812} 6478) 6168) 5878] 5607) 5851!) 5110!) 4881) 4664] 4457} 4260) 4071) 30 
3l 6807} 6473 6163) 5874 5602) 5347| 5106) 4877] 4660) 4454| 4256] 4068) 31 
32 | 6801) 6467} 6158) 5869) 5598) 5343) 5102) 4874) 4657| 4450) 4253] 4065} 32 
33 6795) 6462) 6153) 5864) 5594! 5339] 5098! 4870] 4653) 4447) 4250] 4062! 33 
34 6789) 6457| 6148) 5860) 5589) 5335] 5094) 4866) 4650] 4444] 4247] 4059] 34 
35 6784! 6451] 6143) 5855) 5585) 5331] 5090! 4863] 4646] 4440] 4244] 4055] 35 
36 6778) 6446! 6138) 5850! 5580) 5326) 5086) 4859} 4643] 4437] 4240] 4052) 36 
37 6772) 6441] 6153) 5846) 5576) 5322) 5082) 4855] 4639] 4434] 4237] 4049] 37 
| 38 6766] 6435] 6128) 5841) 5572) 5318] 5079] 4852) 4636] 4430] 4234] 4046) 38 
39 6761] 6430) 6123) 5836) 5567] 5314} 5075] 4848] 4632] 4427] 4231] 4043} 39 
40 6755| 6425) 6118! 5832! 5563) 5310} 5071) 4844| 4629; 4424] 4228] 4040; 40 
Al 6749) 6420 61131 5897 5559] 5306) 5067] 4841} 4625] 4420) 4224) 4037) 41 
42 6743) 6414] 6108} 58238) 5554! 5302) 5063 4837) 4622) 4417| 4221 4034! 42 
43 6738: 6409! 6103! 5818] 5550) 5298) 5059 4833! 4618 4414) 4218) 4031) 43 
44 6732| 6404) 6099) 5813} 5546) 5294) 5055} 4830) 4615) 4410) 4215] 4028) 44 
45 6726| 6398) 6094) 5809) 5541] 5290) 5051) 4826! 4611) 4407) 4212) 4025) 45 
46 6721] 6393} 6089! 5804| 5537] 5285] 5048! 4822) 4608} 4404) 4209) 4022] 46 
47 6715| €388| 6084! 5800] 55383! 5281) 5044] 4819} 4604} 4400) 4205} 4019) 47 
| 48 6709| 6383! 6079) 5795) 5528] 5277) 5040) 4815! 4601| 4397) 4202) 4016} 48 
49 6704) 6377| 6074! 5790] 5524) 5273) 50386) 4811) 4597} 4294!) 4199] 4013] 49 
50 6698] 6372) 6069] 5786] 5520! 5269) 5032) 4808] 4594! 4390) 4196) 4010) 50 
51 6692| 6367| 6064] 5781] 5516) 5265] 5028) 4804 4590} 4387| 4193] 4007) 51 
52 6687| 6362) 6059) 5777| 5511) 5261] 5025] 4800| 4587; 4884) 4189) 4004) 52 
53 6681 6357| 6055 5772| 5507| 5257| 5021) 4797| 4584) 4380; 4186) 4001) 53 
54 6676] 6351, 6050) 5768) 5503) 5253) 5017| 4793) 4580) 4377| 4183] 3998, 54 
55 6670| 6346] 6045! 5763) 5498) 5219] 5013) 4789} 4577| 4374) 4180) 3995) 55 
56 6664) 6841) 6040) 5758) 5494| 5245) 5009) 4786 4573) Ahh 3991) 56 
57 6659] 6336] 6035) 5754} 5490) 5241) 5005! 4782 4570\ 4 57| 4174) 3988) 57 
58 6653! 6331! 6030) 5749] 5486] 5237; 5002) 4778 4566) 4364 4171} 8985] 58 
59 6648) 6325) 6025! 5745) 5 5233) 4998) 4775 ts ae 0 3982| 59 
60 6642) 632 6021| 5740 5477 5229! 4994) 4771) 4559, 4357| 4164] 3979| 60 


Sa 


TABLE XLVII. 


Loaarirums for nding the Correction to reduce the Moon’s Declination 
or Right Ascension to any Time under the Meridian of Greenwich. 
~ Sec. | 


te MINUTES OF AN HOUR OR A DEGREE. 


s§ 24 | 25 | 26 | 27 | 238 
3979| 3802) 3632) 3468) 3310) 3158 38) 2730 2467) 234) 
3976| 3799] 8629\ 3465) 3307| 3155 2728 2465| 2339 
3973) 3796} 3626} 3463) 3305) 3153 2725 2462) 2337 
3970| 3793] 38623) 3460} 3302) 3150 2723 2460) 2335 
3967| 3791) 3621] 3457) 3300) 3148 2721 2458) 2333 
3964] 3788] 3618 3454) 3297) 3145 2719 2456) 2331 
3961} 3785] 3615, 3452) 3294) 3143 2716 2454| 2328 
3958] 3782) 3612| 3449] 3292] 3140 2714 2452] 2326 
38955| 3779] 3610} 3446} 3289) 3138 2712 2450) 2324 
3952| 3776) 3607) 3444) 3287) 3135 2710 2448} 2322 
3949] 3773) 3604) 3441) 3284) 3133 2707 2445) 2320 


38946] 3770] 38601] 3438) 3282) 3130 42) 2705) 2572) 2443) 2318 
3943) 3768] 3598] 2436) 3279) 3128 2703] 2570) 2441) 2316 
3940) 3765) 3596} 3433) 3276) 3125) 2s 2701} 2568} 2439) 2314 
8937| 3762| 3593) 3431) 3274) 3123 2698) 2566] 2437) 2312 
3934) 3759) 3590} 3428) 3271} 3120 2696] 2564) 2435} 2310 
3931] 3756] 3587) 3425) 3269) 3118 2694! 2561] 2483} 2308 
3928) 3753] 3585] 3423) 3266) 3115 2692) 2559) 2431) 2306 
3925! 3750} 3582] 3420) 3264) 3113 26] 2689] 2557| 2429] 2304 
3922) 3747| 3579] 3417| 3261) 3110 2687| 2555] 2426) 2302 
3919] 3745) 3576) 3415} 3259) 3108 y 21) 2685} 2553) 2424] 2300 


3917) 3742] 3574) 3412) 3256} 3105 2683} 2551] 2422) 2298 
3914} 3739} 3571) 3409} 3253] 3103 2681} 2548] 2420) 2296 
3911] 3736) 3568} 3407] 3251] 3101 2678) 2546, 2418) 2294 
3908] 3733] 3565} 3404) 3248] 3098 2| 2676} 2544) 2416! 2291 
3905| 3730} 3563) 3401) 3246) 3096 2674| 2542) 2414) 2289 
3902| 3727| 3560) 3399) 3243) 3093 2672| 2540} 2412) 2287 

, 8899) 3725| 3557! 3396] 3241} 3091 2 2669| 2538} 2410) 2285 
3896) 3722] 3555} 3393) 3238] 3088 2667| 2535] 2408) 2283 
3893) 3719} 3552) 3391] 3236) 3086 D1] 2665) 2533} 2405] 2281 
3890) 3716] 3549) 3388) 3233) 3083 


3887| 3713] 3546) 3386) 3231) 3081 é 50} 2529 2277 
3884] 3710} 3544) 3383) 3228) 3078) 29: 2527 2275 
3881) 3708} 3541) 8380) 3225) 3076} 2s 2525 2273 
3878) 3705] 3538) 3378) 3223) 38073| 2925 2522! : 2271 
3875] 3702) 3535] 3375) 3220) 3071 y 2520 2269 
3872) 3699} 3533] 3372) 3218] 3069 2518 2267 
38869! 3696] 3530) 3370) 3215] 3066 é y 47' 2516 2265 
3866) 3693) 3527) 3367| 3213) 3064 2514 2263 
3863) 3691] 3525) 3365) 3210! 3061 2512 2261 
3860] 3688] 3522) 3362| 3208) 3059 2510 225 


38857| 3685] 3519} 3359) 3205) 3056 2507| 2380) 2257 
3855) 3682} 3516) 3357) 3203] 3054 2505| 2378} 2255 
3852| 3679) 3514! 3354) 3200) 3052 2503] 2376] 2253 
3849) 3677} 3511} 3351) 3198) 3049 2501| 2374) 2251 
3846] 3674] 3508) 3349) 3195) 3047 29) 2499] 2372] 2249 
3843] 3671] 3506) 3346) 3193) 3044 27| 2497| 2370) 2247 
3840} 3668] 3503) 3344) 3190) 3042 325| 2494] 2368) 2245 
3837| 3665| 3500) 3341] 3188} 38039 2492) 2366) 2243 
3834] 3663} 3497] 3338] 3185) 38037 : 21) 2490) 2364| 2241 

3660| 3495] 3336) 3183) 3034 2488} 2362) 2239 


8657| 8492) 3333) 3180) 3032 5 3} 2486) 2359) 2237 
5} 8654) 38489) 3331] 3178) 3030 2484) 2357) 2235 
38651) 3487| 3328] 3175) 3027 2482) 2355] 2233 
3649) 3484) 38325} 3173) 3025 2480| 2353) 2231 
3646) 3481) 3323) 3170) 3022 2477| 23851| 2229 
3643| 3479) 8320] 3168) 3020 é 2475! 2349) 2227 
3640} 3476) 3318) 3165) 3018 5 2473) 2347| 2225 
3637| 3473) 3315) 3163) 3015 ‘ 5 2471| 2345) 2223 
3635] 3471] 3313) 3160) 8013 2] : 2469) 2343) 2220 
3632! 3468) 3310) 3158) 3010! 2868) 27380; 2: 2467| 2341) 2218 


~ 
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TABLE XLVII. 231 


LocaritHms for finding the Correction to reduce thc Moon’s Declination 
or Right Ascension to any Time under the Meridian of Greenwich. 


“Pe: | MINUTES OF AN HOUR OR A DEGREE. yee 
e 36 | 37 | 38 43 | 44 | 45 | 46 | 47 | ” 
0 2218} 2099} 1984 176k) 1654 1447 1347, 1249: 1154 1061 0 
1 2216) 2098} 1982) 1869} 1759; 1652 1445} 1345) 1248) 1152) 1059 1 
2 2214] 2096] 1980 1757| 1650 1443] 1344) 1246; 1151) 1057 2 
3 2212) 2094) 1978 1755| 1648 1442] 1342) 1245} 1149) 1056 3 
4 2210) 2092) 1976 1754| 1647 1440} 1340) 1243) 1148) 1054 4 
5 2208) 2090} 1974 1752| 1645 1438] 1339} 1241} 1146] 1053 5 
6 2206| 2088! 1972 1750) 1643 1437} 1337] 1240} 1145} 1051 6 
~7 2204} 2086] 1970 1748| 164] 1435} 1335) 1238] 1143] 1050 7 
8 2202) 2084) 1968 1746) 1640 1433] 1334} 1237} 1141} 1048 8 
9 2200) 2082] 1967 1745] 1638 1432} 1332) 1235] 1140} 1047 9 
10 2198} 2080) 1965 1743} 1636 1430, 1831} 12383) 1138) 1045] 10 


CS ed ee Oe ee ee ee ee —_——| ———_—_ | _—_-— 


11 | 2196) 2078) 1963 1741] 1634 1428) 1329) 1282) 1137] 1044) 11 
12 | 2194) 2076) 1961 1739) 1633 1427) 1327} 1230) 1135} 1042] 12 
13 | 2192) 2074) 1959 1737| 1631 1425) 1326} 1229) 1134] 1041] 13 
14 | 2190) 2072) 1957 1736| 1629 1423} 13824) 1227) 11382) 1039] 14 
15 | 2188) 2070) 1955 1734| 1627 1422) 1322) 1225) 1130) 1037) 15 
16 | 2186} 2068) 1953 1732| 1626 1420} 1321] 1224) 1129) 1036] 16 
17 | 2184} 2066) 1951 1730) 1624 1418) 1319) 1222) 1127) 1084] 17 
18 | 2182) 2064) 1950 1728) 1622 1417) 1317) 1221) 1126) 1083] 18 
19 | 2180) 2062) 1948 1727| 1620 1415} 1316} 1219) 1124] 1081] 19 
20 | 2178) 2061) 1946 1725| 1619 1413!) 1314) 1217) 1128) 1lo3s0} 20 


21; 2176| 2059} 1944 1723| 1617 1412, 1313! 1216) 1121] loos! 21 
22 | 2174} 2057] 1942 1721| 1615 


1410) 1311) 1214] 1119) 1027] 22 
23 | 2172! 2055) 1940 1719} 1613 1408} 1309} 1213} 1118} 1025] 23 
2170) 2053) 1938 1718} 1612 


1407} 1308) 1211) 1116} 1024) 24 


1832 
1830 
1828 
1827 


25 | 2169) 2051} 1936) 1825) 1716) 1610 1405) 1306) 1209) 1315) 1022} 25 
26 | 2167) 2049) 1934} 1823) 1714) 1608 1403} 1304; 1208] 1113} 1021] 26 
27 «| 2165) 2047) 1983) 1821) 1712) 1606 1402) 1303) 1206) 1112} 1019} 27 

2163) 2045) 3931} 1819) 1711) 1605 1400} 1301} 1205) 1140) 1018) 28 


|} 2161| 2043] 1929 
2159] 2041] 1927 
2157| 2039} 1925 
2155| 2037] 1923 


1603 
1601 


1817 
1816 


1814 
1812 
2153] 2035) 1921} 1810 


1709 
1707 
1705 
1703 
1702 


1398} 1300) 1203) 1109} 1016] 29 
1397] 1298} 1201} 1107) 1015} 30 


Se ee NS ey Se 


1395} 1296} 1200} 1105) 1013) 31 
1393] 1295, 1198} 1104} 1012) 32 
1392} 1293) 1197) 1302] 2010) 33 


35. | 2149] 2032] 1918] 1806 


34 |! 2151] 2033] 1919] 1808] 1700 1390] 1291] 1195] 1101] 1008! 34 
1698 1388] 1290} 1193} 1099] 1007) 35 

36 | 2147] 2030! 1916] 1805] 1696 1387} 1288! 1192] 1098] 1005] 36 
37 | 2145] 2028] 1914] 1803] 1694 1385} 1287| 1190] 1096] 1004) 37 
38 | 2143! 2026] 1912] 1801] 1693 1383] 1285| 1189] 1095] 1002} 38 
39 | 2141] 2024] 1910] 1799] 169] 1382] 1283] 1187] 1093} 1001] 39 
40 | 2139! 2022] 1908] 1797] 1689 1282] 1186] 1091} 0999] 40 
41 | 2137| 2020) 1906) 1795 1184| 1090! 0998141 
42 | 2135! 2018} 1904] 1794 1182] 1088] 0996] 42 

i! 43 | 2133! 2016] 1903] 1792 1181} 1087} 0995! 43 
44 | 2131] 2014] 1901! 1790 1085} 0993] 44 
45 | 2129] 2012] 1899] 1788 1084] 0999] 45 
46 | 2127| 2010] 1897] 1786 1082] 0990] 46 
47. | 2125} 2009] 1895] 1785 1081] 0989] 47 
48 | 2123] 2007] 1893] 1783 1079} 0987| 48 
49 | 2121] 2005] 1891] 1781 1078} 0986| 49 

| 50 | 2119] 2003] 1889] 1779 1076) 0984] 50 
51 | 2117| 2001| 1888] 1777] 1074] 0983! 51 

EH} 652 | 2115] 1999] 1886] 1775] 1668 098i! 52 
53 | 2113' 1997| 1884] 1774] 1666 0980! 53 
54 | 2111] 1995| 1882] 1772] 1664 1163 0978| 54 
55 | 2109] 1993] 18801 1770] 1663 1162, 1068] 0977) 55 
56 | 2107| 1991| 1878] 1768) 1661 1160, 1067] 0975] 56 

| 57 | 2105! 1989] 1876] 1766] 1659 1159| 1065; 0974! 57 
| 58 | 2103| 1987| 1875] 1765] 1657 1157| 1064} 09721 58 
| 59 | 2101) 1986) 1873) 1763) 1655 1156 1062] 0971| 59 
| 60 | 2099] 1984] 1871! 1761] 1654] 1549 1249} 1154) 1U61| 0969] 60 


"989 TABLE XLVI i 


Logarirums for finding the Correction to reduce the Moon’s Declination | 
or Right Ascension th any Time under the Meridian of Greenwich. 


4 MINUTES OF AN HOUR OR A DEGREE. eg | 
m ) 48 | 49] 50 | 51] 52 Be ae a | 
09 | 0969! 0880, 0792! 0706] 0621) 0539, 0458] 0378, 0300] 0223] 0147| 0073; 0 
1 | 0968! 0878} 0790] 0704] 0620) 0537) 0456) 0377) 0298] 0221] 0146! 00721 1 | 
1 2 | 0966} 0877) 0789) 0703 0619! 0 0536; 0455] 0375| 0297] 0220! 0145 0071; 2 | 
3 | 0965} 0875) 0787) 0702 HTM eg 0454) 0374, 0296) 0219] 6143! 0069} 3 | 
4 | 0963} 0874) 0786) 0700) 0816) 0533, 0452) 0373) 0294 0218] 0142] 0068} 4 | 
5 | 0962] 0872) 0785] 0699] 0615: 0532) 0451) 0371) 0293| o2161 0141] 0067; 5 | 
1 6 | 0960] 0871) 0783) 0697] 0613! 0531) 0450] 0370, 0292) 0215] 0140] 0066] 6 | 
7 | 0959] 0869} 0782; 0696] 0612] 0529 0448: 0369, 0291) 0214] 0139] 0064) 7 | 
g | 0957| 0868) 0780, 0694] 0610, 0523; 0447] 0367! 0289] 0213] 0137] 0063) 8 | 
9 | 0956] 0866) 6779) 0693] 0609, 0526 0446) 0366) 0288! 0211] 0136] 0062; 9 
10 | 0954) 0865) 0777! 0692] 0608) 0525) 0444] 0365) 0287| 0210) 0135) 0061} 10 
“11 | 0953 0863) 0776) 0690) 0600 0606, 0524) 0443} 0363} 0285] 0209] 0134] 0060) 11 
12 | 0951} 0862) 0774; 0689) 0605: 0522| 0442! 0362} 0284! 0203] 0182] 0058] 12 
13. | 0950} 0860) 0773 0687! 0603 0521) 0440} 0361} 0283] 0206] 0131] 0057) 13 
14 | 0948) 0859) 0772 0885) 0602. 0520) 0439 0359} 0282} 0205} 0130} 0056) 14 
15 | 0947] 0857; 0770 0635] 0601! 0518 0438] 0358} 0280) 0204} 0129] 0055) 15 
16 | 0945] 0856, 0769 0682] 0599 0517, 0436) 0357) 0279) 0202) 0127] 0053) 16 
17 | 0944] 0855, 0767. 0682) 0598 0516) 0435} 0356) 0278) 0201] 0126] 0052) 17 
18 | 0942] 0553. 0766 0680, 0596 0514) 0434] 0354] 0276} 0200) 0125] 0051) 18 
19 | O941] 0852 0764 0679) 0595 0513) 0432; 0353) 0275, 0199] 0124} 0050] 19 
20 | 0939) 0850 0763 0678) 0594 0512) 0431} 0352) 0274! 0197] 0122) 0049) 20 
21 | 0928] 0849 0762 0676) 05920510, 0480] 0350, 0273] 0196] 0121] 0047] 21 
22 | U93S) 0847, 0760 0675 0591| 0509, 0428 0349) 0271] 0195] 0120} 0046} 22 
23 | 0935) 0816 0759 0678 0590, 0507, 0427] 0348) 0270] 0194] 0119! 0045] 23 
24 | 0933 0814! 0757, 0672) 0588! 0506 0426] 0346] 0269) 0192} 0117; O044] 24 
25 | 0932) 0843 0756, 0670, 0587) 0505) 0424] 0345) 0267} 0191} 0116) 0042) 25 
26 | 0930} 0841; 0754 0669) 0585} 0503) 0423] 0344! 0266] 0190! 0115] 0041] 26 
27 | 0929] 0840, 0753, 0668) 0584} 0502, 0422] 0342] 0265} 0189) 0114] 0040; 27 | 
28 | 0927| 0838 0751) 0666! 0583, 0501] 0420} 0341| 0264] 0187] 0112 003 28 
29 | 0926) 0837) 0750, 0665) 0581; 0499) 0419 0340] 0262} 0186) 0111] 0038, 29 
30, 0924 0835, 0749 0663) 0580) 0493} 0418) 0339) 0261) 0185) 0110 0036| 30 
1 31 | 0923] 0834 “O77 0863 0579) 0497 0416} 0337) 0260] 0184; 0109} 0035) 31 
32 | 0921{ 0833| 0746) 0661| 0577, 0493! 0415! 0336] 0258] 0182! 0107] OU34| 32 
33 | 0920] 0831) 0744] 0659] 0576] 0494! 0414] 0335] 0257] 0181 0106] 0033) 33 
34 | 0918} 0830; 0743) 0658) 0574, 0493) 0412] 0333) 0256] 0180) 0105] 00381) 34 
35 | 0917] 0828) 0741) 0656, 0573) 0491) 0411] 0382] 0255) 0179} 0104) 0030) 35 
36 | 0915} 0827) 0740) 0655) 0572| 0490} 0410} 0331) 0253) 0177) 0103) 0029) 86 
37 | 0914 0739| 0654] 0570} 0489} 0408] 0329! 0252) 0176) 0101) 0028} 37 
38 | 0912] 0824! 0737| 0652) 0569] 0487| 0407] 0328] 0251) 0175] 0100] 0027} 38 
39 | 0911! 0822) 0736) 0651) 0563] 0486] 0406] 0327} 0250) 0174] 0099] 0025! 39 
40 | 0909} 0821) 0734! 0649) 0566} 0484} 0404] 0326) 0248] 0172) 0098] 0024] 40 
41 | 0908} 0819) 0753] 0648) 0565] 0483] 0403] 0324) 0247] 0171) 0096) 0023) 41 
42 | 0906] 0818) 073 | 6647; 0563) 0482| 0402) 0323) 0246] 0170} 0095) 0022) 42 
43 | 0905! 0816) 0730] 0645] 0562] 0480] 0400] 0322| 0244! 0169] 0094] 0021) 43 
44 | 0903' 0815| 0729) 0644) 0561} 0479] 0399] 0320) 0243) 0167) 0093} 0019) 44 
45 | 0902} 814) 0727| 0642) 0559! 0478} 0398] 0319; 0242} 0166] 0091} 0018} 45 
46 | 0900] 0812) 0726) 0641} 0558] 0476] 03396] 0318} 0241] 0165, 0090) 0017| 46 
47 0811) 0724] 0640} 0557! 0475} 0395} 0316) 0239] 0163} 0089! 0016! 47 
48 0809) 0723) 0638] 0555) 0474! 0394} 0315) 0238] 0162] 0088! 0015) 48 | 
49 0808) 0721) 0637| 0554) 0472 0503 0814 0237| 0161| 0087; 0013] 49 
50 0806} 0720] 0635] 0552} 0471] 0391! 0313] 0235] 0160) 0085] 0012) 50 
51 0805] 0719} 0634] 0551! 0470] 0390} 0311} 0234) 0158) 0U84| 0011, 51 
52 0803} 0717] 0633} 0550! 0468] 0388} 0310; 0233} 0157; 0083) 0010) 52 
53 0802} 0716| 0631} 0548] 0467| 0387; 0309) 0232) 0156] 0082) 0008} 53 
54 O801| 0714) 0630) 0547] 0466] 0386] 0307) 0230) 0155! 0080) 0007} 54 
55 | 0799; 0713} 0628) 0546] 0464] 0384) 0306) 0229) 0153] 0079] 0006) 55 
56 | 0885 0798 0711] 0627| 0544) 0463] 0383] 0305| 0228] 0152] 0078) 0005] 56 
57 | 0884| 9796! 0710} 0626! 0543, 0462] 0382] 0304; 0227] 0151} 0077] 0004) 57 
58 | 0883) 0795) 0709] 0624) 0541} 0460) 0381! 0302) 0225) 0150} 0075] 0002) 58 
59 | 0881) 0793] 0707] 0623) 0540] 0459 0978] 0300, 0224) 0148] 0074] 0001] 59 
| 60 | 0880, 07921 0706] 0621] 0539} 0458] 0378] 0300, 0223, 0147| 0073) OVO] 60 
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TAD LE XUVIIY. 
The Parallax in Altitude for Planets. 
Planet's Horizontal orally. 


1 
Flanet’s 


| App. Alt. 1" 3” BER O13 "to 17 Thy 21" 

32 | a 3% 57 zal ¢ OUTLATS Hsn Tams 

4 i ck ed Be a i a 17 

5 ro fe zol-0 17 

6 113/5/7/9411 li 

7 1/3/5/7/9 tI 17 

8 1/3!'6/7/9/11 17 

9 1/3'°5/7/9]11 17 

10 1}3i/si/7/9 | 17 

ik 1/3/5)/7/9]11 17 

12001 ,3/5/7/9 (1 lz | 

14 VE EEh BERIT 16 22 124 126 
16 1/3/5/7/9]11 16 {18 lz0 |22 {24 [26 |: 
18 1/31561719 {10 16 |18 [20 22 [v4 26 
20 1/3/5171] 8 }10 16 |18 |20 22 |z4 '265 |: 
23 1/3/15 !/61]8 {10 16 ]17 |19 [21 [23 [25 
26 1/3/4!618 {lo 15 |t7 {i9 ‘21 |22 24 
29 1/3141/61{8 {10 15 117 18 [20 |22 l24 
32 1/2/4/6]/81/9 14 {16 {18 j19 J21 lz3 
eo tee 4 1.64.7 1-9 14 |16 |17 '19 |20 [22 
410 1}/2/4/5/71/8 13 16 |18 

45 1/2!8/5/61/8 12 15 {16 
50 1 2 3/516{7 11 13 [15 {16 17 
55 1/213/14!61)/6 10 i2 |13/|14 |15 
60 | o;/2/3/14/516 8 10 11 j12 

65 01/1/2/3141)5 7 

70 o}/1/2/2]3]4 6 

75 OV tat Ses 4 

80 o;ol1j1j2}2 3 

85 olo!|o]1 | 1 1 

90 olo}lololo}]o 0 


TABLE XLIX 
To correct the Logarithmic Difference when a Planet is observed. 


Planet’s keener 3 Horizontal oman Planet’s 
App. Alt. 33 ¢| App. Alt. 
ET ge 29 |29 |29 30 

4 4 

5 5 

6 6 

7 |s\/8 7 

s |6l17 8 

w72.4 fe 9 

mare Mie 10 

yas Pa a 11 

12 (|3]4 12 

4 |3i4 14 

ig |'2 |’3 16 

is |2/3 18 

20 |21/3 20 

23 12/3 23 

26 «12/3 26 

29 |21/3 29 

32 12/3 32 

35 |2)/3 35 

40 2/3 40 

45. °2|4 45 

50 |2|5 50 

556 dL 216 55 

} Go | 2/6 60 

65 |2|6 65 

| zo lele Pe 

75 | 216 75 

so |2|6 80 

g5 (216 31 |36 44 |48 [52 |: 85 

90 «| 216 lio lis 19 [23 fez [31 5 lab a 48 152 |: 90 


TABLE lL. 


To correct the Auxiliary Angle when a Planet is observed.— Additive. 
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12 113 | 
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reer | Log. A. | Log. B. |/'2tT! Log. a. | Log. B. ihe Log. A. | Log. B. ||I@EE™ Log. a. | Log. B 
ei rit hm "; “{ 
2 0 7.7297 \7.7146 |\4 0} 7.7447 | 7.6823 |6 0, 7.7703 | 7.6198 0) 7.8072 | 7.5062 
2! 7.7298 | 7.7143 2) 7.7451 | 7.6815 2! 7.7708 | 7.6184 2 7.8079 | 7.5036 
4| 7.7300 | 7.7139 4| 7.7454 | 7.6807 4| 7.7713 | 7.6170 4| 7.8086 | 7.5010 
6| 7.7302 | 7.7136 6| 7.7458 | 7.6800 6, 7.7719 | 7.6156 6, 7.8094 | 7.4983 
8| 7.7304 | 7.7132 8| 7.7461 | 7.6792 || 8) 7.7724 | 7.6142 8| 7.8101 | 7.4957 
10, 7.7305 | 7.7128 || 10) 7.7464 | 7.6784 || 10/7.7729 17.6127 || 10) 7.8108 | 7.4930 | 
12) 7.7307 | 7.7125 || 12| 7.7468 | 7.6776 || 12| 7.7735 |7.6113 |} 12| 7.8116 | 7.4902 
14) 7.7309 | 7.7121 || 14] 7.7472 |7.6768 || 14) 7.7740 | 7.6098 | 14] 7.8123 | 7.4874 
16) 7.7311 | 7.7117 || 16) 7.7475 | 7.6759 || 16) 7.7745 | 7.6083 || 16) 7.8130 | 7.4846! 
_18| 7.7313 | 7.7113 || 18! 7.7479 | 7.6751 || 18 7.7751 | 7.6068 || 18) 7.8138 | 7.4818) 
2 2017.7315 |7.7109 ||4 207.7482 | 7.6743 6 20 7.7756 | 7.6053 8 207.8145 | 7.4789 
22, 7.7317 | 7.7105 || 22) 7.7486 | 7.6734 || 22) 7.7762 | 7.6038 || 22) 7.8153 | 7.4760 
24|7.7319 |7.7101 || 24] 7.7490 | 7.6726 || 24) 7.7767 | 7.6023 || 24 7.8160 | 7.4731), 
26| 7.7321 | 7.7097 || 26] 7.7494 |7.6717 || 26)7.7773 |7.6007 || 26 7.8168 |74701]§ 
28) 7.7323 | 7.7092 || 28| 7.7497 |7.6708 || 28| 7.7779 |7.5991 || 28) 7.8176 | 7.46711} 
30) 7.7325 | 7.7088 || 30) 7.7501 | 7.6700 || 30) 7.7784 | 7.5975 || 30) 7.8183 | 7.4610] 
32) 7.7327 |7.7083 || 32) 7.7505 |7.6691 || 32) 7.7790 | 7.5959 || 32! 7.8191 | 7.4609] 
34) 7.7329 | 7.7079 || 34) 7.7509 | 7.5682 || 34) 7.7796 | 7.5943 || 34/ 7.8199 | 7.4578) 
36, 7.7331 |7 7075 |) 367.7513 | 7.6673 || 36) 7.7801 | 7.5927 || 36] 7.8206 | 7.454613 
38! 7.7333 | 7 7070 | 38) 7.7517 | 7.6663 || 38] 7.7807 | 7.5910 |} 38) 7.8214 | 7.4514] 
2 40 7.7336 | 7.7085 |4 40) 7.7521 | 7.6054 |6 40) 7.7813 | 7.5894 8 40) 7.8222 | 7.4482), 
427.7338 17.7061 || 42] 7.7525 |7.6645 || 42) 7.7819 | 7.5877 || 42] 7.8280 | 7.4449 
44) 7.7340 | 7.7056 || 44|7.7529 | 7.6635 || 44| 7.7825 | 7.5860 || 44| 7.8238 | 7.4415 
46: 7.7342 |7.7051 || 46) 7.7533 | 7.6626 || 46! 7.7831 | 7.5843 || 46| 7.8246 | 7.4381 
48| 7.7345 | 7.7046 || 48] 7.7537 | 7.6616 || -48| 7.7836 | 7.5825 || 48] 7.8254 | 7.4347 
50} 7.7347 | 7.7041 || 50| 7.7541 |7.6606 || 50} 7.7842 | 7.5808 || 50) 7.8262 | 7.4312 
52| 7.7349 ‘7.7036 || 52) 7.7545 | 7.6597 || 52) 7.7848 | 7.5790 || 52| 7.8270 | 7.4277|| 
54| 7.7352 | 7.7031 54] 7.7549 |7.6587 || 54) 7.7854 | 7.5772 || 54| 7.8278 | 7.4241) 
56| 7.7354 | 7.7026 || 56| 7.7553 | 7.6577 || 56/7 7860 | 7.5754 || 56| 7.8286 | 7.4205); 
58; 7.7357 | 7.7021 | 58| 7.7557 | 7.6567 || 58) 7.7867 7.5736 || 58) 7.8294 | 74168) 
3 07.7359 {7.7015 |'5 0} 7.7562 [7.6556 7 0| 7.7873 |7.5717 ||9 0; 7 8302 | 7.4131] 
2) 7.7362 | 7.7010 2| 7.7566 | 7.6546 2) 7.7879 | 7.5699 2) 7.8311 | 7.4093) ] 
4| 7.7364 | 7.7005 4| 7.7570 | 7.6536 4| 7.7885 | 7.5680 4] 7.8319 | 7.4055) 
6| 7.7367 | 7.6999 i 7.7575 | 7.6525 6| 7.7891 | 7.5661 6| 7.8328 | 7.4016: 
8| 7.7369 | 7.6993 817.7579 | 7.6514 8| 7.7898 | 7.5641 8| 7.8336 | 7.8977) 
10| 7.7372 | 7.6988 |} 10) 7.7583 | 7.6504 || 10) 7.7904 | 7.5622 |} 10| 7.8344 | 7.3937)| 
12) 7.7374 | 7.6982 || 12) 7.7588 | 7.6193 || 12} 7.7910 |7 5602 || 12) 7.8353 | 7.3896) 
14) 7.7377 | 7.6976 || 14) 7.7592 |7.6482 || 14| 7.7916 | 7.5582 || 14] 7.8361 | 7.3855, 
16) 7.7380 | 7.6970 || 16| 7.7597 |7.6471 || 16} 7.7923 | 7.5562 || 16) 7.8370 | 7.3813] 
18| 7.7383 | 7.6964 || 18| 7.7601 | 7.6460 || 18) 7.7929 | 7.5542 || 18] 7.8378 | 7.3771\| 
3 20) 7.7386 | 7.6958 |5 20| 7.7606 | 7.6448 ||7 20) 7.7936 | 7.5522 9 20) 7.8387 | 7.3728 
22| 7.7388 | 7.6952 || 22) 7.7610 | 7.6437 || 22) 7.7912 | 7.5501 || 22) 7.8396 | 7.3684 
24) 7.7391 | 7.6946 || 24/ 7.7615 | 7.6425 || 24] 7.7949 | 7.5480 |} 24) 7.8404 | 7.3639 
26) 7.7394 | 7.6940 || 26/ 7.7620 | 7.6414 || 26) 7.7955 | 7.5459 || 26) 7.8413 | 7.3594 
28| 7.7397 |7 6934 || 28) 7.7624 | 7.6402 || 28) 7.7962 7.5437 || 28] 7.8422 | 7.3548) 
30] 7.7400 | 7.6927 || 30) 7.7629 | 7.6390 || 30| 7.7969 | 7.5416 || 30] 7.8430 | 7.3501 
32) 7.7403 | 7.6921 || 32) 7.7634 | 76378 || 32| 7.7975 | 7.5394 || 32) 7.8439 | 7.3454) 
34| 7.7406 | 76914 || 34) 7.7638 | 7.6366 || 34) 7.7982 | 7.5372 || 34| 7.8448 | 7.3406 
36| 7.7409 | 7.6908 || 36) 7.7643 | 7.6354 || 36) 7.7989 | 7.5350 || 36) 7.8457 | 7.3357 
38) 7.7412 | 7.6901 38 7.7648 | 7.6342 || 38] 7.7995 | 7.5327 || 38) 7.8466 | 7.3307 
3 40,7.7415 |7.6894 |5 40) 7.7653 | 7.6329 ||7 40) 7.8002 | 7.5304 ||9 40) 7.8475 | 7.3256 
| 42| 7.7418 | 7.6888 || 42| 7.7658 |7.6317 || 42) 7.8009 | 7.5281 || 42) 7.8484 | 7.3205), 
44! 7.7421 (7.6881 || 44/ 7.7663 |7.6304 || 44/7.8016 | 7.5258 || 44) 7.8493 | 7.3152; 
46| 7.7424 |7.6874 || 46|7.7668 |7.6291 || 46) 7.8023 | 7.5234 || 46] 7.8502 | 7.3099 
48! 7.7428 | 7.6867 || 48| 7.7673 | 7.6278 || 48) 7.8030 | 7.5211 || 48] 7.8511 | 7.3045 
| 50) 7.7431 | 7.6859 || 50! 7.7678 |7.6265 || 50) 7.8037 | 7.5186 || 50) 7.8520 | 7.2989 
52) 7.7434 | 7.6852 || 52) 7.7683 | 7.6252 || 52) 7.8044 7.5162 | 52) 7.8530 | 7.2933) 
54) 7.7437 | 7.6845 || 54] 7.7688 | 7.6239 || 54) 7.8051 17.5137 || 54] 7.8539 | 7.2876 
56) 7.7441 | 7.6838 || 56] 7.7693 | 7.6225 || 56| 7.8058 | 7.5112 || 56] 7.8548 | 7.2817) 
58) 7.7444 | 7.6830 || 58| 7.7698 | 7.6212 || 58) 7.8065 | 7.5087 || 58) 7.8558 | 7.2758) 
4 0) 7.7447 | 7.6823 ||6 0) 7.7703 | 7.6198 ||8 0| 7.8072 | 7.5062 ||10 0! 7.8567 | 7.2697) 
eR UN Sy oi ESS 


t 


TABLE LILI, 


Loegaritumos for computing the Equation of Equa ALTITUDES. 
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53.52! 64.19 
54.46! 65.31) 62.58) 53.75 
55.40] 66.44) 63.66) 54.68 
56.34 67.57| 64.74 


a i |_| | | 


Portu- 
guese 
feet. 
Portu- 
cuese 
bragas 
0.93) . 0.83 
1.85} 1.67 
2.78)" 2.50 
3.71 33 
4.63 17 
5.56 


28.73] 25.83 
29.65} 26.67 
30.58] 27.50 
31.51] 28.33 
32.43; 29.17 
33.36] 30.00 
34.29] 30.84 
35.21] 31.67 
36.141 32.50 
37.07| 33.33 
46.16! 44.24] 37.99) 34.17 
47 .29| 45.32 38.92) 35.00 
48.42 46.40] 39.84] 35.83 
49.54] 47.48] 40.77| 36.67 
50.67| 48.55. 41.70] 37.50 


| i | | | | 


67 .43| 55.03| 47.26] 42.50 
58.55| 56.11| 48.19] 43.33 
59.68] 57.19] 49.12] 44.17 
60.81] 58.27| 50.04] 45.00 
61.93! 59.35] 50.97] 45.83 
i Ca 51.90] 46.67 

61.51] 52.821 47.50 
48.33 
49.17 


TABLE LIIL. 
For converting Foreign Measures into English feet or fathoms, 
and the contrary. 
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27.191 32.63) 27.05 


ee 


60.00) 49.75 
61.05; 50.62 


55.60! 50.00| 64 62! 58. 


TABLE LIL. 287 
For converting Foreign Measures into English feet or fathoms, 
and the contrary. 


| - Portu- ~~ “TAmster iKyn- ie -,) YVene- 
English| French Spanish guese aan fend Swedish Gan 


Russia? 
feet. 


102.35/122.72)117. 61/101 .02 
103 .29/123.85]118.69/101.95 
104. 23/124. 98]/119.77|102.87 
105.17|126 2a|t2t 0304.73 


91 .67|118.47|106 .86)112.97| 96.49)115.79) 96 00 


2.50/119.54/107 .83)114.00) 97.37/116.84) 96.57 
.33/120.62)108 80/115 .03) 98.25)117.89) 97 75! 
17/121 .69]109.77|116.05; 99,12)118.95) 98 62 
5.00}122.77|110 .75|117.08}100.00)120.90) 99.49 
.83/123.85/L11.71/118.11)100.88)121.05)100 36 
.67}124.93/112.69/119.14/101.75]122, L101. 24 
109.87|151.74|126.24/108.43 .50/126. 00/113 66)120.16)102 63/123 .16)102.11 
110.80}/132.87|127.32)109.36 .33)127 08/114 .63)121.19)103.51]/124. 21/102. 98 
111.74)134. 00/128 .401110.29 99. 17/128. 16/115 .60}122.22)104 39/125 -26/105..86 
112.68/135.14]129.48/111.21|100 .00|129 211116 .58]123 25/105 .26]126. 32}104.73 


106.11)127, 23)121 .92}104.73 
107 .05)128.36 123 .00)105 .65 
107 .99)129.48)124 .08/106.58 
108 .93)130.61)125 .16/107 .51 


|. feet.) feet. Reeloed “feet. feet. | feet. | 12-1 feet. 
English} French | French !Spanish res Swedish 
fathoms) toises. Rrpissesi pr axes: rege, fathoims 
6L 57.25] 68.6 9.82) 56.54] 50.83 65.69, 59.26 62.65] 53.51 
62 58.22) 69 j 57.46] 51.67! 66.77, 60.23) 63.68) 54.39] 65.26] 54.11 
63 59.16] 70 | 58.39] 52.50] 67.85] 61.20) 64.70) 55.26! 66.32) 54.98 
64 60.10) 72 59.31] 53.33) 68.93] 62.17) 65.73) 56.14] 67.37) 55. 85 
65 61.04) 73 60.24) 54.17) 70.00) 63.14! 66.76) 57.02} 68.42] 56.73 
66 61.97| 74 61.17) 55.00) 71.08] 64.11) 67.78] 57.90] 69.47; 57.609 
67 62.91) 75 62.09] 55.83] 72.16) 65.08, 68.81] 58.77) 70 52) 58. 17 
68 63.85) 76 63 .02| 56.67] 73.24] 66.06) 59.54) 59.65] 71.58) 59.35 
69 64.79) 77 63.95] 57.50] 74.31) 67.03] 70.86) 60.53} 72.63] 60 22 
70 63.73] 78 64.87) 58.33] 75.39] 68.00} 71.89) 61.40) 73.68) 61.09 
71 66.67| 79.95 >.61! 65.80) 59.17] 76.47) 68.97) 72.02] 62.28! 74.74) 61 96 
Ki 67.61} 81.08 66.73} 60.00] 77.54] 69.94!) 73.95) 63.16] 75.79] 62.83 
73 68.55) 82.21 : 67 .65| 60.83) 78.62) 70.92) 74.97] 64.04; 76.84] 63.70 
74 69.49) 83.3: 68.58] 61.67| 79.69] 71.89) 76.00] 64.91) 77.89] 64.58 
75 70.43) 84 69.51] 62.50) 89.77) 72.86) 77.03) 65.79) 78.95) 65.45 
76 71.36} 85 1 70.43) 63.33] 81.85] 73.83) 78.05] 66.67} 80.00! 66.33 
i 72.30) 86 71.36} 64.17) 82.93] 74.80] 79.08] 67.54] 81.05] 67.20 
78 73.24, 87 72.29] 65.00| 84.00) 75.77} 80.11) 68.42) 82.11) 68.07 
79 74.18! 88. 4| 73.21) 65.83} 85.08) 76.75| 81.14) 69.30] 83.16) 68.94 
50 75.12) 90. 86.32: 74.14] 66.67] 86.16] 77.71) 82.16) 70.18} 84.21] 69.82 
8l 76.06) 91.2 75.07) 67.50] 87.24] 75.69) 83.19} 71.051 85.26] 70.69 
82 77.00] 92. .48| 75.99 68.33} 88.31] 79.66; 84.22) 71.93] 86.32) 71.56 
53 77.94) 93 76.93) 69.17) 89.39] 80.63] 85.25 72-8183 72.44 
84 78.58} 94 77.85) 70.00} 90.47) 81.60] 86.27) 73.69} 88.42) 73.31 
85 79.82) 95 . 78.78| 70.83] 91.54] 82.58) 87.30) 74.57| 89 47; 74.18 
86 80.76) 96. y 79| 79.71 71.67| 92.62 83.55! 88.33] 75 444) 90.52] 75.05 
87 81.70) 97.95 ) 80.03| 72:50 93.69| $4.52) 89.36) 76.32) 91.58! 75.93 
88 82.63) 99. .95 81.56 73.33) 94.77 85.49] 90.38) 77.19] 92.63) 76.80 
89 83.57/100.2: 3.03) 82.49) 74.17; 95.85! 86.46) 91.41] 78.07! 93.68) 77.67 
90 S4A.51/101. -11) 83.41) 75.00] 96.93] 87.43} 92.44 78.95| 94.74 78 54 
91 85.45,102. $4.34/ 75.83) 98.00} 88.40) 93.46) 79.82) 95.79] 79.42 
92 86 .39/103.: 85.27) 76.67| 99.08 89.37| 94.49 $0.70) 96.84! 80 29 
93 87. 33}/104. 86.20 77 .50|100.16 90.34| 95.52) 81.58) 97.89! 81.16 
94 $8.27/105. 87.12) 78.33,101.24| 91.31) 96.55! 82.46) 98.95; 82.04 
95 89.21; 106. 88.05} 79.171102.311 92.29) 97.57 83.33|100.00 82 91 
96 $0.15/108. 88.97 80 .00|103 .39 93 .26) 98.59} 84.211/101.05] 83.78 
97 | 91.09/19. 89.90] 80.83)104.47| 94.23) 99.62) 85.09)102.11) 84.65 
98 92 02/110 : 90.53) 81.67|105.54| 95 .20/100.65) 85.97/103.16) 85.53 
99 92 .YG)111.47|106.82) 91.75) 82.50/106.62} 96.17)101.68) 86.84)104.21) 56.40 
100 93 90)/112.59]107 .90| 92.68] 83.33]107.69] 97.14|102.70| 87.72)105.26| 87,27 
101 94.84)113.72:108.95) 93.61} 84.17|108.77 98 .11)103 .73}) 88.60)106,.32| 88.14 
102 95 .78)114.85)110.05| 94.54] 85.00}109.85| 99.08/104.76) 89.47|107.37| 89.02 
103 96.72'1115 97)111.13] 95.46] 85.83/110.93)100.06)105.78) 90.35/108.42) 89.59 
104 OT .66)/117.10)112.21] 96.39] 86.67)112.00)101.03|106.81; 91.23)109.47| 90 76 
105 98 .60|118.23)113.29) 97.31) 87.50}113.08}102.00/107 .84) 92.11)110.52) 91.64 
106 99.54/119.35]114.37| 98.24) 88.33)114.16|102.97|108.86) 92.98,111.58) 92.51 
107 |100.47/120.481115.45| 99.17] 89.17|115.24/103 .94/109.89) 93.86/112.63] 93 35 
108 |101.41/121 60/116.53/100.09] 90.00)116.31/104.92)110.92) 94.74)113 68) 94 25 
90 .83/117 .39/105 .89)111.95| 95.61)/114.74) 95 13 
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To reduce the Moon’s Horrzontay, PARALLAX and SEMIDIAMETER to 
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Of the principal Ports, Harbours, Capes, Shoals, Rocks, &c. in the Wortp, 
founded on several thousand Observations made by the most eminent 
ASTRONOMERS and NavicaTors, compared with the latest and most 
accurate CuarTs and Surveys; to which is occasionally added the 


Variation of the Compass. 


The Longitudes are reckoned from the Meridian of Greenwich. 


I. Coast of GREAT BRITAIN, 
adjacent Islands. 


Lat. N. | Lon. W. 


Eddystone Pgh ° 


Places. Mewstone . . 


(1) 


LONDON, St. Paul’si51 30 49] 0 5 47|/} —Old Church . 
Var. 24° 9’, 1824. Drake’s Island. . 
GreEenwicu Obs. . ~j Penlee Beacon . .|50 


= Rame Head (flagstaff)/50 
Gravesend Church Sr owey . 150 
Sheerness Flag Staff 51 = Deadman’s Pt. (flag. ) 50 
Var. 24° 30’ W. 1823. «, Fatmoutn, 


N. Foreland Light 


— St. Anthony’s Hd. 
_ Deal Castle os 


Ke — Pendennis Castle . 
& Blackhead, flagstaff . 
YLrzaps upper Light . 
3 3S Mount’ s Bay . . 
& — St. Michael’s Mt. 
— St. Paul’s Steeple 
St. Leven’s Point. 
Rundlestone Beacon . 


= Dover Castle ott 
Bp Folkstone Church. 
S New Romney Church|50 59 7 
“>Lydd Church . . 50 57 7 
+3 Dungeness Light . 
3 Rye "Church aria 


So Hastings . Wolf Rock. . . .49 
os = Beachy Hd. (Station) 50 Longship’s Light - (50 
Land’s End Stone [50 
: Brighton Church . aa 
Shoreham Church - Scilly Islands, 
Owers Light .. . — &t. Agnes’ Light ./49 
Selsea Church. . — St. Mary’s Fort .|49 
Chichester Church . — St. Martin’s D.Mk.|49 
Porrsmoutn Church Var. 27°30’ W. 1814. 
— Academy .. The Seven Stones 50 
Vur 249 15/ W. 1813. Cape Cornwall . ./50 
South-Sea Castle . St. Ives . ‘ 150 
Calshot Castle. . St. Agnes Beacon, 50 
.Trevose Head. . .|50 
ince = aes 50 45 87 = Padstow . - (50 
Bembridge F Point. ./50 40 5 Tintagel Head. . 150 
= Dunnose (Station) .|50 37 5 Hartland Point . 451 
‘PSt. Catherine’s Tower|50 35 34 < Mort Point. . . 451 
m Needles Light . .|/50 39 54 > SLundy 1. Light . 5] 
3 Flatholm Light - jl 
[Turst Castle . . .|50 42 25] 1 5 & Bridgewater Church .|51 
Christ-Church Head .|50 42 38} 1 44 31 © Barston Cathedral .|51 
~ Poole Church . . «50 42 51] 1 58 55 Nash Point. . . [51 
=St. Aldan’s Head. .'50 35 0| 2 3 20] Mumbles Pt. and Lt. |51 
"Weymouth . -.- 50 36 0] 2.27 Ol] WormsHead . . .51 
6 Portland Up. Light .|5@ 31 23) 2 26 49|| Pembrey Church. ./61 
“Bridport. . . . .(50 42 20} 2 43 30// Caldy Island . . 51 
Lyme Cobb « « «(50 43 11) 2 55 29]) St. Gewan’s Point .)51 
= = Exmouth Bar . . .|50 36.40] 3 21 30]| St. Ann’s Light . «51 
© Torbay, Bob’s Nose ./50 27 50} 3 26 43)| Milford Church . .j51 
—~— Berry Head . ./50 24 2] 3 28 14|| Hubberstone Church .j51 
= Dartmouth . . . .[50 19 40) 3 35 30]| Smalls Light . . .j51 
“Start Point, flagstaff 50 13 27| 3 38 21 Grasholm 5,-5.5 \fO2 
Praule Point . . ./50 13 15] 3 42 30) Ramsey Isle . . .j51 
Bolt Head (Station) 50 13 45] 3 48 3j) St. David’s Cathedrall51 


Or Or Ot he 


or Or Or Gt Sr Or Or 


an 


AAannarkh rh PR WOOD DN OP PP Rm Oro a1gn Aan 


and Lat. N. |Lon W 


Places. 


(3) 
Bishop and Clerks 


Dinks Point 5 «. 
Cardigan Harbour 
Aberistwith .. 
Barmouth, entr. . 
= Bardsey I. Light . 
§ Brachy Pool Head 
‘Holyhead Island, 
5 — Signal Tower . 
‘> Skerries Light. . 
3 Point Linas, Light 
= © Great Ormes Head 
S Point of Air Light 
ze Helbre Light . . 
iS Leasows Light. . 
Liverpoo., St. Paul’ 
Formby Point. . 
Lancaster Church 
St. Bees Head Light 
Whitehaven .. 
CarListzE . P, 


Annan Chdrch” 


= Air Point Light 
= Douglas. . . 
= Castletown 3454 
\ Tbe Calf Light 
= Peele Light : 


Ross Head. . . 
Burrow Head . . 
Mull of Galloway 
Port Patrick Light 
Lough Ryan, entr. 
Air Lights . . . 
Irvine Mire tie e ke 
_Aiisa Island . . 
2 Cumray I. Sight . 
3 rgenock o o/,'6) ic 
3 CILASGOW hie sies-ok 
% Pladda CET ae ia 


2Tonvore Head. . 
x = Runs Point Light 
5 Skerryvore Rocks. 
= Dusker Rock . . 
= Coll Island, N. end 
2, Rum Island, S. end 
3 Helsker Island : 
= Dunvegan Head 
Ke Rea Head . . 
NS More Head. . 
Stower Head . 
Cape Wrath Ligh 
Var. 30° W. 
Nun Rock . . 
Rona Island . 
Barra Island . 


—————— 
ee Sa 


t 


Farout Head 
Dunnet Head 


Strumble Head 2... 


54 
od 


‘> Mull of Cantire Light 55 


=> ee em oor oO 


CHA WNHWMBWHOwWWh RR 


5 OS he DD OU he KSAAMAAHGAHAAAHNAAHOC La REA RhRAT LP PR PPh 


Lat. N. | Lon. W. 


89 2 Gallen Head . 
0  Flannen Isles . 
Of -S SSt. Kilda . . 
21|| xy Hyskar Island . 
35|| Rockall. . . 
13 
49]| Pentland Skerries, Lts.|58 
55|| Stroma Isle, S. end .|58 
gi} S. Ronaldsha, OldHd.\58 - 
41} Copinsha .. . .158 
24|| Kirkwall Road . .|/58 
56|| StronsalI., Lamb Head|59 
ol] , Start Point Light. .|59 
45 3 3 North Ronaldsha, 
— Dennisness. . .|59 
0|| 2 Papa Westra Isle, 
Oo} =— Moul head. . ./59> 
0|| = WestraL., Noup Head|59 
0|| = Pomona Island, 
oO] ~ — Marwick Head 59 
— Stromness, town ./58 
0 Var. 27° 50’ W. 1821. 
30] Hoy Head . . . [58 
20) Sule Skerry . . [59 
08 Pitatkecf oy oes. ree 
0} fFairIsland. . . .|59 
0 
0|| Sumbro Head Light .|59 
0|| Hangcliff or Noss Hd. 60 
Ol - Lerwick, Fort. . ./60 
30! = Brassa I., S. Point ./60 
0|.3 Rumble Island . .60 
0/| S Out Skerries, E. end ./60 
0} 3 Baltal.,mid. . . .I60 
Q) = Lambaness., . . 460 
0 = Var. 27° 40' W. 
of “A Ronas Hill. . . 160 
0 Ossa Skerry S. + 4NGO 
0O|| Voe Skerries . -/60 
0|| Foul Island, N. Pt, 160 
0 
0] Monk Rock .. ./61 
O|| sSuderoe, S.end . .J|61 
0|| = Great Diamond . .\61 
O|| SSandoe,S.end . ./61 
0 . Stromoe, Thorshaven |62 
PUR UR IGE bol cts) os Ge 
Ol = Mygenas I, W. end .|62 
0! Var, 30° W. 1818. 
0 
0! Noss Head. . . .|58 
9 Clyth Ness. . . .|58 
! 


TABLE LVI. 
LATITUDES ann LONGITUDES. 


Places. 


(4) 


Duncansby Head . 
Var. 30° W. 


t. Barra Head. . . 
2 South Uist, S. end 
© Renish Head . 
8 Glash I. Light 
wy Aird, N. Point 
Butt of Lewis . 


e e e e e e ee e e 


w ww 
QOoceceecceoeceo 


— 


42 0|3 2 0O 
41 0/3 14 O 
44 30/3 1 20 
5 20| 2 46 O 
59 O|3 4 O 
4 0|239 0 
16 30} 2 22 0 
22 30) 2 22 0O 
21. 04-8 48 
18 3013 12 0O 
Be 
mine bees 
55 0) 3 28 30 
8 of 4 15 0 
1301418 0O 
380 0,147 O 
51 15} 117 O 
8 2011 0 20 
9 30| 1 8 40 
610} 1 4 30 
20 0| 0 54 30 
25 30] 0 43 40 
45 0| 0 47 20 
49 0} 0 45 30 
82 0} 1 26 0 
83 0| I 35 40 
22 20!'1 49 Oo 
9 30!2 5 0 
23 +O} 6 52 15 
26 2016 53 O 
44 0} 6 53 30 
47 15} 6 48 O 
2 10] 6 50 30 
20 40|}6 18 O 
8 0| 7 42 30 


Places. 


(5) 


Ord Head f e 
Tarbett Ness . 


Cromartie . - 
INVERNESS ,. Z 
Fort St. George . 
Burgh Head . . 
Cousy Point . . 
ES 
i ee 
Kinnaird’s Head . 
Ratrie Head .. 
Peter Head... 
Buchan Ness Light 
Var. 28° W. 


eooeoocoeocecesc 


4 


i) 


TABLE LVI. 
LATITUDES ann LONGITUDES. 


Newburgh . . .« 
New AbBerbDEkEn, obs. 
. Girdleness.. «. 
Stonehaven. . . 
=Tod Head ... 
& Montrose Ness . 
Red Head .. . 
= Arproathi-..... « 


S. DGnver 3 
« Inch Cape Light, or 
Bell Rock . . 


3 
~ 
= 


Wate Neas. 2-6 sc 
Elie Ness .. . 
Kinghorn Ness . 
Incheolm x 
EDINBURGH, Coll. 
Leith Pier . . . 
Var. 279.45’ W. 
Inch Keith anes : 
meter. ake! 5 


May I. and Light 
Var. 28° 15’ W. 
The Bass Rock 
DunparR. . 

St. Abb’s Haat! 
Eyemouth . . 


Berwick. . ° 
Holy Island Castle 
Bamburgh Castle . 
Staples Light . . 
= Fern [. Light . . 
s = Sunderland Point . 
ee *¢Coquet Island, 
ie tower tr.” 
‘> Tynemouth Light 
+ Sunderland Light. .|54 
= Hartlepool Ci urch 154 
© River Tees, entrance o4 
= StOGK On ot * osha.  e 
cy) Wauirrsy . .-. 
Scarborough . . 
Filey Brig . . » .}54 
Flambro’ Head Light |54 
Var. 25° W. 1828. 


(55 
155 
(55 
|59 


95 
(05 


e 
. “ib4. 3 


el 
ecoscooocece|cso 
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Lon. W. || (6) Places. Lon. E. 
@ ‘ “ Oye a” 
3 37 Ol] Spurn Lights . . 0 7 9 
347 0 Lynn Regis .. 025 4 
4 1. O|| Hunstanton Light. 8} 0 29 41 
412 0 0] 055 0 
45 0 0} 140 O 
330 0 01055 0 
Sei7 <0 0} 9 34 O 
250 0 0} | 24 O 
232 0 o| 154 0 
210 ol 115 30 
150 0 0} 216 0 
147 0 Gorlae Light . = 20} 1 19 30 
147 0 > Hasborough Lights 0} 1-33, 6 
$ Winterton 15} 1 42 0O 
2 3. || & Yarmoutn Church 40] 1 43 22 
a 1 45 14 
2 6 0|| sSouthwold Church 140 6 
213 0  Aldbro’ Knaps. 142 0 
215 0|| Orfordness Light .. 1 34 14 
2 27 15|| Landguard Fort . | a tt eae 
2 28 || Harwich Church . Liki? 3 
235 0 Lilies 
2 44 15 1 53 30 
2 57 30 156 0 
Outer Garbard Buoy .|51 2 8°45 
2 22 45 
it Nha II. COAST OF IRELAND. 
2 34 30 
248 0 
ankOY <0 West 
$317 0 Care Crear Light .[51 24 55) 9 29 0 
S210) 30 Fastnet Rock .. « .j61 22° 0/-9-37. 0 
310 0 Crookbaven entr. (01: 27 OS aS 6 
Mizen Head. ; </51 26 OC) 9°Gk 0 
Se 30 Bantry Bay 
2 46 30 — Sheep’s Head . ./51 31 0) 9 52 0 
2 42 11 Crow Point’. . iS] 34 | OR Oa 0 
2 32 47 Dursev l. W.end  .j51 34 O10 15 O 
Kenmare Harbour 
2 37 47 — Cod’s Head «101 40° OL Oa Tay © 
2 30 20|| .— Lamb’s Head . ./51 44 0/10 8 0 
2 8 0} 3 Var. 23 Points W. 
2 4 45|/) SHog Islands . . 51 44 O10 17 0 
= Bolus Head... ./51 46 O10 24 0 
1 59 41 ~~ Skellig Rks. and Lts. 51 46 0/10 34 0 
1 46 38 ~ Dingle B 
142 8] 3— Bray Head - « 51 52 0/10 29 0 
137 5 Serv gentis Harb. ent.'51 55 0/10 20 oO | 
1 38 51 — Dunmore Head .'52 6 O10 32 O 
1 37 56 © Foxe Rocke 3%.°" % 52 1 15|10 41 50 
Ferriter’s Island . ./52 2 30|10 38 0 
1 31 47 Tiraght Rocks. . .'52 4 Oj)10 40 0 
1 24 31 Gt Blaskett, W. end |52 3 30/10 36 0 
£3116 Ennis Tuskar . . .52 8 O10 36 0 
1103 Dunorling Head . ./52 11 O10 28 0 
a, Brandon Head. . ./52 17 O1010 0O 
114 Shannon Mouth, 
0 35 20) — Kerry Head 52 27 0|9 53 O 
0 23 — Loop Head... ./52 34 0] 9 52 28 
0 14 Limerick . « « 02 39 O| 8 33 O 
0 2 20 Clare ge ere SAG 2 AT SOLS tae 
Hags Head 5259 0|}918 O 


TABLE LVI. 


LATITUDES anp LONGITUDES. 


(7) Places. 


; Galway Bay, 
g — Black Head. .. 
= — GaLway. .. . 
m= N. Arran I. Light. . 
% Skird Rocks. . 
<= Sline Head. . 
& Shark Island . 
5 Ennis Turk I. . 
~ Clare [. Light . 
© Achill Head. . 
Black Rock. . 


—=— 


Broad Haven, 
— Urris Head. . 
Stag Rocks. . . 
Downpatrick Head 
Willett. swe vers 
SLIGO. .« . « « 
Ennis Murry . . 
Donegal... « 
. St. John’s Cape . 
‘3 Tillen Head... 
‘S Daurus Head . . 
* Arranmore I. Light 
Bloody Foreland . 
© Tory Island, N. W. Pt. 
3 Horn Head. . . . 
© Melmore Head. . . 
Me Loch Swilly, 
= — Pt. Fannett Light. 
S — DunaffHead. .. 
a MullinHead .. . 


Ennistrahul Light. . |; 


Var. 30° W. 

Inishone Head. .. 
LONDONDERRY .. 
Giants’ Causeway. . 
Rachlin I., W. end . 


Nair Head wens. bis cie,l: 


Tor Head. Sun te 8 e 


—— 


Maiden Rks. E. Light 
Black Head... . 
Carrickfergus . . 
BELFAST. . .« - 
Mew I. and Light. 

, South Rock Light. 
‘3 Ardglass Light. . 
.§ Dundrum, Entrance . 
© Cranfield Light. . . 
™ Dundalk, Soldiers’ Pt. 
@Clougher Head. . . 


© LambayIsland. . . 


% Howth Head Light . [53 « 


S DUBLIN Light . ./53 
— Observatory. . .(|53 


Var. 26° 30° W. 


Wicklow Lights . . |52 
Avlelow.) Ai.9% © s. ~ te 
Glascarrick Point. . |52 


WEXFORD Harb. Ent. |52 22 o| 618 0||O—Rost Island. . .|67 3 012 7 0 


36 


30|| » Hammerfest, 

| S— Fugleness Point . 70 39 51/23 43 15 
30|| & Var. 11° 207 FV. 
2 Altengaard. . . .|69 55 0/23 4 15 
16 49 45 


on i) 
o@ on 
=) 


Lat. N. | Lon. W. | (8) Places. Lat. N. | Lon. W. | 
t ey aes — oo” #lo’ 2208 
Carnsore Point . .{52 11 30/618 0 
10 9 6 0} ‘Tuskar Rock & Light. |52 13 0! 6 7 0 |} 
17 8 51 0! Saltees Rocks . . .152 6 0| 6 34 0 
8 9 35 Of _. Hook Light. . -/92 5 0} 6:54 0 
16 955 O| SWarerrorp . . .|/5212 017 6 0 
27 10 * O| STramore. . . . 4523 7 O17 F O 
38 0/1010 O|| 2 Dungarvan. . . ./52 3 O| 7 34 O 
45 0/10 0 0] *Helwick Head. . «51 59 30] 727 0 
51 9 52 O|| “Youghal... . ... .|51 53 O| 751 O 
0 0/10 8 0] &Roche’s Pt. and Light |51 46 0| 811 0 
4 0})1017 0} SCork. ... . ./5L 53 54) 8 28 0|| 
© Var. 28° W. 
‘S Kinsale Light . . .|51 87 0] 8 27 0 
S Seven Heads .. .{51 35 0] 8 39 0 
17 15] 9 58 10 “” Gally Head . s° . 4 151°38 O78 ww @ 
21 01947 o| Ross... . . .(5135 01856 0| 
20 o| 9 21 0 Stags, off Toe Head . |51 26 0} 9 10 0 
13 of 914 0 BALTIMORE . . . {51 28 0/920 0 
16 20) 8 26 0 4 
26 8 38 0 
37 8 7 0 ‘ ) 
38 et Nabe III. Coast of LAPLAND & NORWAY, 
41 8 49 0 y 
49 831 0 From Nova Zembla to the Naze. 
0 8 32 0 
9 30} 816 0 | E 
16 30| 8 15 20 | | soe 
13 40) 7 59 0 Nova Zembla, N. Pt. |77 4 0/177 5 0) 
16 30] 7 47 30]| WeigatesStrait . .'69 10 0160 0 0 | 
16 30) 7 38 O | 
7 7 32 0O}]} Cape Candinose . ./58 39 10/43 32 34 | 
22 30) 7 24 30|| Cape Konochin. . .|67 12 04348 0. 
26 0} 714 O Morshovets Is., S. Pt. |66 40 0/42 41 0) 
Cape Voronou or | 
14 40} 6 56 0 Good Fortune . .|65 31 0/1218 0O}F 
59 28) 7 20 0} Cape Katness . . .|65 26 0/39 43 0) 
14 30) 6 31 30/| . ARCHANGEL, out. Rd. |64 57 0/40 6 0) 
17 35| 6 17 40) S—City . . . . .164 34 39146 33 40 
13 35] 6 9 20|| @ Var. 19 3 E. 
Il 50} 6 4 6 3 Cape Donega .. ./65 8 0136 52 0 
N Pushlackta Bay, entr. |64 50 0/36 30 0 
Onega. . «|. =" .163 63 3698 830 
55 401 5 44 0 Anger Island, E. end. |65 9 0/36 19 0 
46 0] 5 AL 50 Kandalax. . . . .|67 8 0/132 26 0 
42 401 5 49 10 CrossIsland. . . .|66 29 0/40 43 0 
36 0] 5 56 20 Powoiss 6. s, igh. w. « 167 ha ee 
Al 40! 5 32 0 Cape Orlogeness . ./§7 12 Ol11 22 0 
23 55| 5 25 30 Cape Sweetnose . ./68 10 0/39 47 0 
15 0} 5 38 20) Var. 1° W. 
14 0; 5 49 30 
110) 6 5 40) . 
15 Ol 6 21 50 8 Nagel Island, N. end. '65 25 0/38 27 0 
47 40} 6 14 | .§ Kilduin Island W, end|69 22 0183 50 0 
43 201 6 15 10 & Kola aS cmvelte sl: «(00 OS Seay aoa 
35 0| 6 5 10|| Q Wardhuys Island. .|70 22 36/31 6 45 
29 1216 2 0, oNortH Cape. . .|71 10 15.25 50 45 
64 
6 
6 
5 


‘> Sand-oe . . . . * 638 56 15 
6 30|| Loffoden Isles, 
6 8 0] §— Weeroe or Werro I. |67 38 0 


12 38 0 


TABLE LVI, 


LATITUDES ann LONGITUDES. 


Places. 


(9) 


Vigten Isles, 
_ ‘Borde Arte 


Froyen, S. W. end 

, DRONTHEIM. ..«. . 
= Var. 229.30’ W. 

= Griboerne, middle . 

=Christiansund . . 

o sangren Fiord, entr. . 


SN ogva Fiord, éntr. 
S Molde Sy > mete A 
. Rondoe Lighthouse, : 


“> Froe Soen, Denies nce ( 
« Tempa Bank, mid. 


& Aspo I., "N.end . 
Udver Isles 4 
Blomoe . . 
Bercen Castle 


Kors Fiord, entrance |60 8 30 
Fugloe .. . (60 1 O 
Selboe Ficrd, énte: 59 57 O 
Bommel-oe, S, end .j59 35 0 
Skudesnaes Light 59 8 40 
- Hviddings-oe oh a 59 3 50 

§ Stavanger eere 498 58 30 

& Var. 2 points W. 

2 Jedderen Reef . .|58 45 40 


Or. ha PRPRATINAHAONA 


Cr Or Or Or OF pm St 


NA aga 


Fiadetrand ,° .. : 33 15 
Sebye ar) 6. <6) 98 2110 33 9 
= Aalborg etna 6 32] 9 56 41 
a SGrenaze. . » . 456 24 57/10 53°59 
} Aarhuus st ah et oa, D Bolly hae BD 
5 Apenrade o e e 55 2 57} 9 26 38 
Flensborg . « « .j54 47 18} 9 27 40 
Sleswick . »« » «54 31 27 33 57 


oe 


Mandal . se” 18 ry 
Fleckeroe Haven 


Christiansand . . . 8 4 sD 
Arendal’; 3) 3 . (58 27° 0 51 20 
=>Oster Risoer . . .|68 42 30 19 30 
= Krageroe - « « 58 51 30) 9 30 30 
5 Friderichsvern . .J58 59 O}10 7 O 
= Ferder Light . . .J59 3 30/10 36 20 
Fulehuk Light. . .{59 10 20/10 40 0 
Agero Fort. . . .J59 2 350 57 0 
CHRISTIANIA ¢ = ¢ =e «455 ~220110 48 30 
Friderichstad . . .jJ59 12 Ol1L 1 4} 


= Trindelen Rock . 


Stromstad ... 
Sale Light. .. 


Marstrand Light o 657 
GotrHenspuRG . . 457 
Wingoe Beacon . 4/57 
Vanguard Shoal . |57 
Tislerne. . o>. (57 
Niddingen Lights (57 
& Warberge .. 157 
3 Falkenberg aa (56 


© Halmstad ek at 

ALaholm.. . 
Hollands Wadere, 
—South end 


Engelholm . . . ./56 
Koll Light . . . .|56 
Helsingborg . . .|56 
Landskrona. . . 4/55 
Lunden, Obs. . . 4/55 
Malmo; 0 fa. S65 
Falsterbo Light . .|55 
Steffen’s Head Light |55 
Kioge . » 0/55 
COPENHAGEN obs. 55 
. Var. 199 W, 
ZBEvsinevr . . . «166 


= Cronborg Castle & Lt./56 
© Nakke Head Lights .|56 
y Wykiobing?. fe \« 


Callundborg . . 155 
Corsoer. . . « «(55 
% Wordingborg . . .|55 


= xs Huen I. Uranienberg |55 
iy Atae Island, Drago .|55 


S = Hassen Island . 156 
~Sproe Island Light (55 
E Moen I. Speil Cliff .154 


w Falsterl.Geedesbye 
> or Trindelen Light .j54 
§Anholt Light, 2". > .156 
= Great Middle Ground 56 
% Little Middle Ground|i6 
~ Lessoe, East end. .|57 
‘6. Westend . (57 
157 


— 
or 
~ tM) 


onmooocoeocoonroooce 


— > 


Fyen, Odense. . .|55 
— Fyen Head. . 55 
— Knudes Head . .!55 
$Langeland, N. end [55 
<—S.end, Light . .|54 
=—Rudkiobing . .|54 
‘= Aroe, Kiobing . .|54 
A Alsen, Sonderborg 54 
Laaland, Naskoi . .|54 


54 


Falster, Nyekiobing 


V. The BALTIC. 


~ 
o 
to 


0 
0 
0 
0 
0 
0 
0 
0 
0 


or 
w 
a“ 
(oO 
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Places. 


(11) 


Moen, Steege . . 
Femeren, Borg . 
: 
| 


Trelleborg . « « 
Yetadt 3 


Ahus ° e e e e 
Eiang $395. Aerie 
Carlshamn . .» . 
Terno; Ssend %s.. 
Carlskrona Gt. Ch. 
Utklipporne Rocks 

a. Téerum Point. % .. 
AS Calmar Church . 
3 Ww esterwyk. . . 
“®Sparo Beacon. .« 
Haradskar Beacon 
Arko, Stangskar . 
Hafringe Beacon . 


Dalaro, entrance to 


Korso Light . . 
Gronskars Light . 
Svenskahogar . . 
Soderarm Beacon . 


Keil . . 
Lusrc  . 
Wismar . 
Rostock . 
>Dars Head . 
= Stralsund 
= Wollin... . 
OSrerrin .. 
Camin 


C epee: Bar r 


. e e es 


° 


Reserhooft Light . 
Heel Light. . . 
DANTAIGs +. 0 « 
.Pillau Light . . 
‘> Konigsberg. . . 
: Brusterort Lights . 
So Memel ic <- ses" is; 0 
Labaus ss. ie: 6 
Windau. . . 
Lyserort . . 
Domesness Lights 


s Runol., Light . 
© Rica Church s., 
= Dunamnude Lights 

ge eee Oe 


— Dagerort Light 
Filsand Light . . 
Oesel, Palmerort . 
— Hundsort .. 


LATITUDES ann LONGITUDES. 


Cimbritshamn Giidiah 55 — Halshuk. . 


Landsort Lighthouse |58 44 


STOCKHOLM obs. 


Dago, Dagerort Hd . 
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— Svartverort Light 157 


TABLE LVI. 


Lat. N.}] Lon. E, |} (12) Places. 


— Arensberg . 
Gottska Sando, 
— Nybygget . . 
Faro, Holm Head. 
Gottland, 


— WissBy . . . 
— Little Carlso i 


-— Great Carlso (57 
— Hoborg J € 50/55 SNS 20% 32 
— Fardsind - . \b7, $1. d48)19 4°20 
= Ostergarnsholm Light/57 26 10/19 6 0 

~ Oland, North Head ./57 22 30/17 6 30 
ibe South Head Light |56 12 3116 23 9 
z Eartholms, Christian 
3 Oe Light . . 55 19 9/15 11 12 
3 Bornholm, Hammeren, 

Light . = 8c. 55 HT AOA GSTS 
— Rothe Church. .155 6 16/14 41 53 
— Due Odde . . 54 59 G15 5 27 
— Svaneke Church ./55 7 54/15 8 40 
Rugen, Arcona . 4/54 41 4/13 27 53 
_— Bergen Church ./54 25 32/13 27 44 
—S.E.end . . .|54 16 30)13 45 0 


e Baltic. 


VI. The Gulfs of FINLAND and 
BOTHNIA. 


Dago 1., Dagerort Hd.j58 5/22 0 37 
— Dagerort Light .j58 ; 


8 
2 
0 
0 
j 0) Odensholm Light. . 
54 19 2843 7 5]|.3 Packerort Light . 
5 0 
0 
0 
4 
0 


= = Surop Head’ s 3°. 


cy Havin St. Ola Ch. 
‘>Kokskar Light . . 
sEkholm Light. . . 
& Stoneskar Beacon . 

(54 50 4/18 18 30 ig Rot\skar Light> >. ef 0/26 37 
54 35 10/18 48 22S Litaelyters,N. By 59 50 0/26 48 


‘Great Tyters, S. end 
‘3 Narva Lighthouse : 


& S Lavenskar, Kupka _ .|6 
~ Seskar Lighthouse 

“2 Dolgoinoss. . . . 
Tollbaken ate : 
Cronstapr hes 


roocoocoecoeoow 


[-z) 
i) 
oe 
wo 
co 
we 
he 
w 
ee 


‘57 46 12122 31 59 


= Wiburg . baile outs 
Nervo Tower poate ote 


Sane Beacon . . 


or 
or) 
or 
i=7) 
ao 

- bo 
= 
i) 

on > oO 


+ = Sandkallan Rock ; 
3 Helsingfors. . 

S Ronskar Li chthouse 
> Great Jussari , 


‘59 55 28/24 22 8 
(59 49 43/23 33 12 


[58 31 


TABLE LVI. 295 
LATITUDES anv LONGITUDES. 


(13) ‘Places. | Lat. N.| Lon. E. 1/14) Places. 
[Qe 4-: Wea ph ay 2 ae 


Hango Beacon. . .|59 46 20/22 57 45|| Walcheren, 


Abo Great Church .|60 26 58/22 17 0j|| — West Cappel Light/51 31 45} 3 26 55 
Uto Lighthouse . ./59 46 40/21 19 45|| Middleburg . . .j51 30 6) 3 37 30 
FiusHinc . . . Ol 26 42! 3 34 57 
Enskar Light . . .60 14 O19 14 0 
Svartklubben Light ./60 11 Oj18 44 0|| Antwerp . . . .{51 13 16) 4 24 10 
Oskaret Light. . .|60 32 0/18 15 Oj] Sluys. . . . . .j51 18 35) 3 23 9 
Gate ov... §.160°89 45/17" 0.0 Bruges ote ees OL er Sal tae oese 
Soderhamn . . . «61 17 0116 56 0 Ostend . . . . 161 13:57) 255 8 
= Bremon, N. end . .|62 13 O|17 36 O||/= Nieuport . . . .|51 7 54) 2 45 15 
= Hernosand . . . ./62 38 O17 47 Ol] $Furmes . . . . 51 4 23] 2 39 51 
S Gadden Light . . .|63 36 0/20 40 0 SDuvem« . . . (51 2 9] 2 22 38 
- (65 50 5024 9 O| “Berg. . . . . 50 57 43) 2 26 41 
. (65 3 0125 30 Oj]/ Gravelines. . . .50 5910) 2 7 50 
cy Brahestad p . (64 41 0124 31 O}] Carats o Pet es 0. 5%) S201 SEP IG 
a4 Carleby . 163 33 0/22 32 0 
a8a. . « - (63 6 O21 36 O 
Gkesnestad * ‘l62 16 0121 15 0 VIII. Coasts of FRANCE, SPAIN, and 
Nystad . . . . 60 49 0121 23 0 PORTUGAL, 


From Calais to Gibraltar, 
VII. Coasts of DENMARK, GERMANY, 


‘sTorneaa . . 
~=>Uleaborg . . 


HOLLAND, and NETHERLANDS. Carta eee . 150. TSS IG 
From the Scaw to Calais. Cape Grizness. . .|50 52 45) 1 34 45 
Ambleteuse . . ./50 48 13) 1 36 16 
Bovtocng . . . 450.43 $7) 1 36 59 
wScaw Light . . «57 43 44/10 37 30)) Etaples . . . . 50 30 44) 1 38 46 
& Robsnout .. . -./57 25 0} 9 45 0 Montreul . . . 50 27 42) 1 46 
= ester Preodew ows. 0410... 0148..568210 Ruer wat. rs wen o. 150° TGR Oi te 46r iG 
SHolmen. . . . .|57 8 0} 8 37 30/| Le Crotoy . . . 50 12 521 1 37 39 
Point Horn. . . .j55 34 15} 8 5 O|| Abbeville . - 00 7 4) 1 49 58 
S. Valery sur Same 50 11 21] 1 37 51 
Helegoland Light. ee Li S475 530 18 Burrs 23 ee 50 2 52! 1 15 33 
Elbe Hi, Red Buoy . 3 59 10) 8 20 15) Drerpre Light . . |49 55 34) 1 4 44 
Var. 20° W. Ailly Light. . . 49 55 17| 0 57 14 
Nework. . . . .[53 55 19} 8 31 24) St. Valery enCaux .49 52 12} 0 41 40 
_Cuxhaven weet. 3,52 21).8 43. 10) > Fecamp sss) .) . 149 45) 24 OrO8 
>Glukstalt » + « 93 47 42) 9 27 2) sCapede Caux. . 49 41 0) O 11 15 
=Stade. . . . . «(53 36 32] 9 28 34] = = Cape de la Heve Lt. |49 30 4210 4 15 
& Hampurou chs = Obsoao hid 168: 22 = Havre whise Weta 9 29 1440 6 38 
eeeemariahe - . .jo3 33 28] 8 34 30 «_ Harfleur , Sait y. 149, 80: 2380 OF Riess 
BREMEN ss.) a «163 .4.38).8-48 <0 = Honfleur 49 25 13] 0 14 14 
Wrangeroog Light .|53 48 26| 7 52 35|| 3 PARIS, Observatory 48 50 15) 2 20 15 
Borcum Light cE ic alee. 964.01 6)38 A0 & Rouen: 16224-25140" 26 Ditches Bane 
lait) ee 1 Jab y- fe | a fen Ge Gt West 
Gottingen Obs. . ./51 31 50) 9 56 30 § Caen Sasa ce oe A LT 1S Oeil as 
z Bayeux ceied oe 42 16:34 0140766 
Ter Schelling, W. endi53 22 30| 5 12 O|] Carentan . 49 18 17} 1 14 50 
Harlingen . . . .j53 10 32) 5 24 47 St. Marcou Tekan 49 29 52} 1 8 41 
Entr. to Texel, Cape Barfleur Light |49 41 45) 1 16 15 
— Kyk Down Fort .|52 57 3) 4 43 10 CHERBOURG ee 1497 88-3 )is bea 
Alkmaar. . . . .}52 37 11/4 45 Ol] PeleeIsle . . . .|49 40 22] 1 34 43 
AMSTERDAM .. .|52 22 17| 4 53 15]) Capela Hague . ./49 43 33] 1 56 15 
3 Haarlem - « « 52 22 56) 4 38 19] Alderney I., N.E endj49 44 6) 2 8 58 
g = Leyden i a dire joo eal 4, 29.413 —S.W. wad ete (49 42 41) 9°99 40 
= The Hague. . . .J52 4 50) 4 18 47]) Casxers Lights . ./49 43 50] 2 22 
= Holland’s Hook ». .[51 57 0'4 5 0 Guernsey I., St. Peter|49 28 15) 2 33 18 
Rotrerpam . « .|01 54 4| 4 27 60 — St. Martin’s Point |49 26 25] 2 32 35 
Var. 24° W. — Pleinmont Point ./49 26 35] 2 41 26 
Briel ‘213 .k « of slOL) 04030124) 9.25 — Doyle Fort. . ./49 31 20) 2 31 25 
Hellevoetsluys . .51 49 42) 4 7 35 HermI,N Point .49 30 0] 2 28 O 
Goaerediss Ae. . 45 L249 “4 3.59 36 Sercq,or Sark I., N.end|49 2 


Places. 


NAB) 


Jersey Island, 

— C. Grosness . 
—St.Aubin .. 
— St. Heliers AS Oe 


; Chausey ldend >. 
St. Germain .. 
&Coutances . . 
= Granville. .¥ & Es 
Ee viveanche) 1! . 3 
‘>, Mount St. Michael 
Se momtoraom (6 ")a Fi 
= Cancalle s*.0.0. 
St. Malo AE. gee 
<:LaConchée .. 
= DPreriant’*",° 72 e 
ZC vape Frehel Light 
St Driets hisidits 
Brehat Island . . 
Tregueirs jos. 
Morlaix Sethe e 
St. Pol de i ton » 
Blanche Rock. . 
Isle de Bas . Sis the 


ee nla e 


Var. 25° 30’ W. 


Beer i S. 
St. Matthew’s Light . 48 
Pont Ran’ J* 
Saints Rocks . . 
Point L’ Abbé e 
Quimper .. . 
Glenan Islands . 
Quimperlay ° 
L’Ortent . e 
a. - Var. 2 250 + bd W. 
Hennebon . .. 
> = Port Lours © <.'*); 
& isle of Groais ; . 
‘= Qurzeron, S. Pt. 
> Belle I., N. end 
Si ieee Bodh ft, 
© Houat Island . 
© Hedic Island . 
= Artal fs. |e 
S Vannes. 6 "6 
Guizands .. 
Croisic . . 
Paimbeuf . 
Nantes . 
Bourneuf . 
Le Pilier 


: Isle D’ Ye eu, W. Point 46 


St. Gilles e . e 
Sables d’Olonne . 
Var, 25°49’ W. 
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TABLE LVI. 
LATITUDES ano LONGITUDES. 


(16) Places. 


Roches Bonnes . 
I. of Rhe Light . 
— St. Martin. , 
ROCHELLE. 4° 3% 
RocuerorT. . . 


Oleron Island, Tonks 46 


Aix Island . . 
Cordouan Light 
Bordeaux .° % 
Cape Feret. , 
Bayonn—E .. 


° ee e o 
hoe 
~ 


St. Jean de Luz . 
Fuentarabia . . 
Port Passages, ent. to 43 
St. Sebastian - ets lao 
Cape Machichaco. 
Brirpa0! Bsa eS 
Portugalete . . 
Santona . . 5 a 
Santander . .. 
= Cape Hoyambre 
= Cape Prieto . 
ECabe de Mar . 
* Cape Lastres . 
se Gl otic 5 Deis 
SCape Penas . 
3 Cape Busto . 
2 Ribadeo, entrance 
Cape Burela . . 
~ Port Vivero, entr. 
= Port de la Estaca. 
= Cape OrTEGAL . 
~ Cape Prior. . . 
S Ferrol, entrance to 
Catan Light . 
Cisargas Isles a abe 


ls 


Cape Willano ‘ 

Cape Toriana . 

Caper FInisTerre . 
Cape Corrobedo . 
Ons Island, N. pt. .| 
Vee, ics aa Oe 
R. Mino, entrance . 


Caminha ... 
Vianna Castle. . |: 
Villade Conde . 
Oporto, entrance to . 
Aveiro, entrance to 
"3 Coimbra Observatory |40 
Cape Mindego . 
rs Bigupite 5 hs sph s 
oe Fartibao se “+ . 
‘pBurlings Island . . 
3 Cape Carboeiro Light|39 
$ Lisbon Rock Light 
S LISBON Observatory 38 
Cape Espichel Light |38 
Setubal or St.Ubes Lt.|38 
Cape Sines .., 
Odemira, Bar of . 
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TABLE LVI. 297 
LATITUDES ann LONGITUDES. 


(17) ‘Places. Lat. N. | Lon. W. (18) Places. Lat. N.| Lon. E. 
ere io / 77 | Gres “po 4 v7) 
Care Sr. Vincent .|37 2 54/9 0 54} Cape Gros Tower .41 9 40) 1 27 3 
Var. 230 W. Barcetona, Mole  .j41 22 51] 2 10 38 
Lagos . .. . .37 8 0| 8 88 3}| Mataro. . . . dl 33 0) 2 25 30 
Cape Carvoeiro . 37 7 O|8 22 30 Cape Tosa . . . 41 42 50) 2 53-58 
Cape Santa Maria 36 55 24) 7 49 50]} Palamos, Pt. Grosa [41 51 10) 3 3 38 
R. Guadiana, entr. .|/37 9 30} 7 20 oj] Cape St. Sebastian 41 53 30) 3 8 5 
Medas Isles, S.end 42 3 10) 3 9 23 
St. Lucar, entrance to/36 44 18] 6 24 15 Cape Norfeo . . .j42 14 52) 3 I2 38 
Capiz, Observatory .j36 32 0| 6 17 37|| Capede Creux . 42 19 45) 3 16 48 
St. Sebastian’s Light |36 31 10) 6 18 50|| Cape Servera . . 42 27 15) 3 9 0 
= Cape Trafalgar . .36 10 15} 6 1 52 
Tarifa Island Light .|36 0 50| 5 36 15) Port Vendre . . 42 32 5) 3 5 57 
ag Elne . . . . , 442 35 44] 2 58.23 
— Europa Point . .136 6 20] 5 20 53]| Perpignan . . . .j42 41 5d) 2 54 50 
ance Ree RE TRE aR ear aS Fort Leucate . . .j42 55 30} 3 5 10 
Narbonne . . 2 ./43 10 50/3 0 55 
IX. The North Side of the Fort Brescou . . .j43 15 20] 3 30 35 
MEDITERRANEAN. Agde . . . . 43 18 40) 3 28 15 
, Cette Light . . ./43 23 37) 3 41 11 
Montpellier, Obs.. ./43 36 16} 3 52 46 
GIBRALTAR, Aiguemortes Light .43 34 2/4 7 31 
— Europa Point . .j36 6 20) 5 20 53)) St. Marie . . 43 26 42) 4 24 0 
Callera Tower. . ./36 18 255 15 2 Mouth of the Rhone. 
Estapona . . - .|36 25 10) 5 8 52|) — St. Louis Tower .|43 22 10] 4 47 50 
Cape Morat . . ./36 31 0, 4 37 55)) Foz . . . . . .j43 26 0} 4 54 40 
Malaga Light . . ./36 43 22) 4 25 2)) .C.Couronne . . ./43 18 50} 5 1 55 
Salobrina . . . 436 45 0} 3 40 10 8 Marseilles, Obs. . .J43 17 501 5 22 15 
Corchuna Castle . .|36 41 30) 3 26 34 = Planier Island Light }43 11 50] 5 13 30 
Adra Fort . . . .|36 44 36,3 1 42 & Cape Roux. . . ./43 13 0} 5 20 0 
Guardias Viejas Cast./36 41 30) 2 52 52||SCassis Mole . . ./43 12 20) 5 33 0 
Almeria. . . « «|36 51 29) 2 32 0|/ = Bandol Castle. . .J43 8 20) 5 45 30 
Cape de Gatt, = Cape Sicile. . . 43 3 6) 5 50 15 
— Coralletes Tower {36 44 0 2 14 22||~ Touton . . . . 43 7 10] 5 55 40 
Moxacar Tower . [37 6 20) 1 54 27||SGiens Castle . . .|43 2 916 7 26 
Cope Tower . . 37 25 5 1 33 27 & Hyeres Islands, 
§ Cape Tinosa . {37 31 10, 1 10 22 — Porquerolles, 
= Carruacena, Obs. 137 35 50,1 0 37 Fort Langoustier 42 59 52) 6 12 9 
¥. Escombrera I. . 437 33 30; 0 59 52 — Portcross, 
‘Cape Palos . . 4137 37 15| 0 42 22)| — Gabiniere Rock ./42 59 6) 6 22 40 
Cape Jervera, — Titan, E. point 43 2 28 aD 
S—Tisre Vieja. .|37 58 65, 0 41 27|| Cape Taillat . . 43 7 45) 6 39 10 
© Cape Santa Pola . ./38 12 5; 0 31 42)| St. Tropez . . . ./43 15 20) 6 40 10 


Alicante. . - « .{38 20 41) 0 29 57 


Frejus . . « - 43 26 15 
Jaa Tower ./38 32 10,0 4 42 


Canton? ."3 -. 1 143 33 20) 
Lerin Is., Ft. Montery 43 31 40 


= Cape Nao ~ « « 38 44 40,010 8} Cape Garoupe . - 43 33 0 


YANQUYNDAAARLA @ 
> Db 
cs 
bo 
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Cape St. Martin . 138 47 0/0 9 30) Antibes. . . . «43 34 40 7 50 
= C. St. Antonio Tower/38 49 50 0 8 8 River Var, entr. . ./43 39 50 10 10 
R West 
C. Cullera Tower 39 9 0} 0 11 17— Nice. . . 43 41 20) 7 16 49 
Vavencia, City . {39 26 40, 0 23 2 ~, Villa Franca Light (43 40 18] 7 19 37 
C. de Canet Tower ./39 40 0) 0 10 52 = Monaco ote! aa ol! * 4e- 40. 40, sa eee 
East || Cape St. Martin . ./43 43 30] 7 32 20 
C. Oropeza Tower ./40 5 33) 0 6 58||‘o Ventimiglia Point ./43 44 20) 7 42 36 
Columbreta Islet . ./39 56 0) 0 42 58} + Cape St. ’Remo . .|43 47 30| 7 49 53 
Pensicola Point . .|40 22 40) 0 28 8 3 [Cape del Armi . ./43 49 30] 7 53 58 
Port Alfaque, S Port Maurizio, Mole |43 54 49] 7 59 36 
— Canal Tower . .|40 37 25| 0 37 38 = Cape Oneglia . . .43 56 10} 8 3 O 
Cape Tortosa, = C. de la Melle . « 43-58 10S te es 
— Buda Island . .|40 43 25| 0 55 28 = Gallinara Island . 44 2 15} 8 13 20 
Cape Salou. . . J41 4 45) 1 10 35) 2 Fimale Church. . «44 10 50) 8 19 15 
Terragona . . . .41 8 501 1 18 23) Cape Noli . . . .H4 11 0} 8 23 20 


TABLE LVI. 
LATITUDES ann LONGITUDES. 


a a ee 


(19) Places. | Lat. N.| Lon. E, |] (20) Places. Lat. N.| Lon. E. 
=, Se ek eee Oy eT 6 Eel rae Se a a 7 
Cape Stilo . 35 
Squillace . 


Cape Vado . ° 
=,Cape Rizuzto ; 


= Savona, Mole : 
& Polla Rock. ° 
‘SGuvoa Light ° = > Cape Naa . 
= Nerviy i?” i. 5 % Cotrona Mole 
: ‘>Strongoli . 
4 $3 Point Alice . . 
; = Pt. del Tronta Tower 39 
5 Roseto "ae yee 
= Tarento, 
S — St. Pietro Island /40 
Gallipoli, 
Lavenza Tower . «44 — St. Andrea Island |40 
Motrona Tower . ./43 C. St. Maria, Convent/39 
Pisa, Observatory {43 
FLORENCE. . .43 Cape Otranto Tower |40 
Viareggia, Mole . 43 St. Andrea Tower _.'40 
Malora Shoal, Tower [43 : Brindisi Fort . . .|40 
Lecuorn Light . .|/43 Torre della Testa. ./40 
Vado Tower . . .{43 Monopoli . . 
- Mal de Vetro Shoal ./43 Polignano . . 
2 Castagnelto Tower Mola -' js) is # 
& Piombino, Mole .. 4k: Bari, Mole. . 
‘>Fullonica, Mole . . Malfetto, Mole 
+ Cape Troya Tower Tyerth | -ade k 
g Castiglione Tower _ || Barletta Light 
|S es Ombrone, entr, | Torre di Rivoli 
re East Formiche ; ' Manfredonia, Mole 
= 'Talanione. . 4 Viesti, Croce Island .'41 
San Stefano . AF Perchichi . . . 
Mount Argentaro . Varano Towers 
Civita Vecchia Light |42 y Mileto Tower . 
Cape Linaro . 3 Campo Marino 
River Tiber, © Terme OA bo ete 
— Fiumicino Light .. Petacchiato ° 
ROME, St. Peters’ ©Vasto .. . « 
Ardea. . i hg > Point Penna , 


= Cape Porto Fino 
Sestri Levante 
§ Cape dell Mesco 


3% Port Venere . 


Ba 
S Spezzia, Lazaretto 


Timotdsland ¢ ys 9is 


SVOoveooomMmMmM®M 9 


° 
° 
e 
° 
e 
° 
es 


Port Anzo, Mole : & Ortona, Mole 
C. Monte Circello . & Francavilla 
—- 3 Castelamare 
TOrrncins: és: « Sila stk oe 
Gaeta, Mole .. . .g Mt. Pegnano, Church 42 
Cape Miseno .. . SColonella . . . ./42 


Pozzuoli. . +5 Rio Tronto, Tower 
NAPLES Lighz : x Grottamare . . 
Mount Vesuvius . .: Pedaso « «© « » 
Castelamare .. . Fermo e% « «\-s 
| Cape Campanella. Cittanova ... 
B Salerno ag ; Loretto, Steeple . 
> Cape Licosa T Sorte Ancona, Light . 
4Policastro , Sinigalia Light : 
<, Gentari a6 _} e Fano Light . . 
& Mount Cocuzza . Pesaro Light . . 
Ae Cape Suvero Tower . Rimini Light . 
St. Euphemia . Cervia Tower . 
Cape Vaticano : Ravenna Tower . 
Gioja) is). s Goro. . . : 
Scylla Castle . le Point del Maestra ‘44 
Reggio . . Port Brondolo, Fort ./45 
Chioggia . . . .|45 
55 4516 3 Palestrina Church ./45 


TABLE LVI. 
LATITUDES ann LONGITUDES 
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(21) Places. Lat. N.| Lon. E. |} (22) Places, 


Port Malamoco, 
— Fort Alberoni . 
VENICE, St. Mark’s 
GIVE vic». 
MORO estes sy. oh 
R. Tagliamento, entr.!45 
Port Lignano. . 
Meee eas 9. 
Trieste Castle . 45 
Cape d’ Istria. . 
Pirano, Steeple . 45 
Point Salvore Light 45 
Cittanova . . « 
oe 
Rovigno . . 


COopmriies sei mas 
30}| Morea Castle . 
Patrass, Mole. . 
31], Cape Papas .. 
31|]} Konopoli Rock . 4; 
45 Tornisi Castle ° 
32}} Cape Catakolo . 
10 Arcadia Town . . 
27|| CapeKonello . . 


20 Navarino Chatle : 
25), Modon Light . . 


57 ECape Gallo iy 


10 F Caroll or Koron . 
30] Kalomata ... 
30} Cape Kephali. . 
30) Port Djimovo. . 
35|| CapeGrosso, S.W. Pt: 
40|} Cape Matapan . || 
30], Port Pagagna, N. Pt.|36 
34|| Eurotas River, entr., 
58|| — Vasili Castle . 
33|} Rupina Tower , 
28]} Cape St. Angelo . 
10/' Napoli di Malvasia, 


Cape Promontore. . “|44 
¢ Albona Steeple 
= = Fianona . . oe 
S Fiume, Clock . 
‘Porto Re .. 

ySegna, Mole . 
3s ee Mole 
o Nona. 


= re Vecchia . . 
Sabenico .. . 43 
‘= Trau, Steeple . . 


‘> Spalatro, Paulini To, |43 BOF —— FOr. oreo te 
= Mount Borak . . ./43 58) Nauplia or 


“Marcaska . . s . 
Racvusa, Mole. . ./42 
Markanal., Tower ./42 
Pe o's mp.) b otan 
Kattaro, 


51} Napoli di Romania .|37 


10 ATHENS, 
0|| — Philopapus. 
Cape Colonna . 


— Point Ostro . .|42 16] s Cape Marathon [38 

Budua, Greek Steeple/42 27|| S$ Negropont . , ; 

Antivari, Point Ledo |42 25|| ¢ Cape Doro. , (38 
41 


Dulcigno, Mole . . 
Cape Rodoni . . 
Cape Pali .-.'. 


40 5, Cape Teri 67 
10]| = Mount Delphi 
30 8 Mount Pelion . 
46)| S Mount Olympus 
0|| = Salonica, Mill. 
& Cape Drepano . 
20/| $ \:ount Athos . 
10|, & Cape Maori. 
40} Cape Paxi. . 
Cape Stilia. . 
10] Entr. to Dardanelles, 
30|| — Europa Castle. 
25|| Gallipoli Light . 
35 — 
,Rodosto .. . 
0] © Heraclia .. . 
0|| S Point Stephano . 
E CONSTANTI- 
15 > N OPI. E, 


Durazzo Mole 
Cape Laghi . 
Aulona or Valona, 
— Custom House _ ./40 
Saseno Island, S. Pt. 
Cape Linguetta . 


at ee ek oe ek won ee Mee ae ee Dae a eo. 
. 


Port Palermo . . 
Cape Kiephali. . 
Parga, Town . . 
Kastrosikia . . 
g Frevisa, 
— Fort Pantokratera |38 
5 Dragomostro e + (38 
= Skropha Cove . . .|38 
Oxia Island, S. end ./38 
Messalongia Fort 138 
Point Bakari . . .|/3& 
Roumelia Castle . ./38 
Lepanto. . « . {38 


40| = Seutari, 
30|| 4 — Leander’s Tower [41 

0 Princes Isles, westm.|10 
Nicomedia. . 


—_—— 


en rere sachsen 


300 TABLE LVI. | 
LATITUDES ann LONGITUDES. 
(23) Places. (24) Places. Lat. N. | Lon. E. 
ee, ord elie ie 
Cape Karabouga . .|40 28 0/27 16 Cape Kerempeh . 42 2 13319 6 
Marmara I., S.W.end|40 37 4/27 30 Amasserah ,. . . ./41 45 2732 21 15 
—Eastend, Light ./40 38 0/27 46 Cape Kilimoli. . ./41 32 03151 0 
ot sok, oe 2 « « 41 16 8/31 24 47 
SE Ss ape Kerpeli . . ./41 14 03015 0 
earn. AGNES Alege aga Bosphorus, Asia Light/41 13 029 9 0 
Bosphorus, XI, East and South Coasts of the 
— European Light .j41 14 10)29 7 0 MEDITERRANEAN. 
Cape Kouri . . .|41 52 43128 2 57 
Bourgas, City . . .|42 29 20/27 27 57 : 
— St. John’s I. . .|42 25 54/27 41 22 Cape Janissary , .|39 59 30/26 12 30 
Cape Emeneh . ._ ./42 41 40/27 53 30 Troy, Ruins of . ./39 52 0/2611 0 
VaRNa, S. ans bastion 43 12 15/27 56 10 Mount Ida se Ja cleo 40 Aaleo ae 0 
.Cape Calaghriah . /43 21 25/28 27 5] Cape Baba. . . ./39 30 0/26 4 30 
= Mouths of the Danube Adramytti . . . .|/39 34 50/26 57 0 
”_. Ghedrilch, entr. |44 52 45/29 36 25] Smyrna. . . . ./38 25 3627 6 45 
"S — Soulineh, Tower ./45 10 15|29 40 50] Cape Karabouroun ./38 41 30/26 21 0 
3 Serpent’s Island . ./45 15 0/30 10 55 Cape Blanco . . ./38 17 0/26 11 0O 
Ackerman . . . .{46 12 0/30 24 oO} Cape Koraka . . .|38 6 0/26 34 20 
C. Fontan, Light . ./46 23 20/30 44 6} Sighajik, Island . ./38 11 54/26 44 53 
Opvessa, Lazaretto .|/46 28 54/30 43 22 Var. 12° 45’ W. 
Berezan I., Fort (46 35 34/31 22 42|} Scalanuova, 
Otchakof .. 146 36 25/31 31 50!) .— Koosh AdassilI. .|37 50 30\27 15 


‘ 0 
Nicolaef, Obs... . .{46 58 55/32 0 37]|:= Cape St. Mary . ./37 39 027 2 0 
Kherson. . . . .(46 37 46/32 38 33 = Boudroun, Tower, .|/37 1 21/27 25 18 
Tendra I., Light . ./46 19 0/31 29 20|| = Cape Crio . . . ./36 40 46/27 21 6 
Perecop. . . . .|46 8 57/33 42 9|| “Cape Marmorice . 4/36 41 0/28 18 0 


Karagatch, 
Cape Tarkan, Light .|45 21 35/32 31 15]) — Linaro Island . ./36 43 0/28 26 0 
Koslof, Fort . . 45 9 0/33 18 15] Gulf of Makri, 
Cape Kherson, Light/44 34 25/33 20 45] -— Capelria . . ./36 32 4029 2 0 
= Sevastopol, Steeple .|44 35 25/33 31 30] Seven Capes, S, Pt. 36 18 0/2915 0 
‘SC. Saritche . . 44 22 O33 44 15 Patara . . . . «(36 14 30/29 20 50 
© Alouchti . . . .|44 41 0/34 25 55|| Cape Khilidonia . .|36 12 0/30 26 6 
Caffa. . . « « .|45 1 37/35 23 28] CapeAvova . . .|36 35 8/30 38 25 
Cape Karak . . .|45 2 25/36 18 oj] Adalia . . . . 36 52 10/3045 0 


;Cape Karaboornoo .|/36 38 0/31 43 10 
[45 21 12/36 36 11|=Cape Anamour . 36 0 50/32 50 58 
145 14 40/36 43 45) S$ Cape Cavaliere . ./36 7 50/33 42 35 
= P. Lissan el Kabeh ./36 13 4&'33 59 10 


= Karadash boornoo ‘136 32 40/35 21 : 


merteh} /s 
SJ enikaleh . 
=~Taman .. 
‘pArabat..:.4 

= Marionpol . 
“” Taganrok, Fort 
Azor sh 


° e ° e es 


Ayas. . . . « .|36 46 10/35 48 0 


o ° e e e o e 
om 
on 
) 
—_ 
=] 
ow 
on 
ow 
—_ 


Scanderoon or 

Sougoudjak . . .j44 39 0/37 46 35|) Alexandretta . 
Ghelenjik . . . .j44 30 3038 7 oO Cape Khynzyr 
Soukourn Kaleh . ./42 59 20141 9 Sif Antioch .. 
Poti or Phaz, Cape Possidi . 
— New Fort . . ./42 7 30/41 39 55} .Latakia. . 


IC. Batoum, Tower ./41 40 0'41 35 25]|.=Tortosa . . 


“2Rizeh . .. 41 2 25,10 30 10 Tripoli Ay iy 

“2 Trebizonde . J41 2 0/39 41 59|| % Cape Bairouc 33 49 45.35 28 0 
STiriboli . . 41 1 0/38 49 10} Seydi or Sidon 33 34 5/35 23 50 
"Keresoun . 40 57 10/88 23 40] Tsouror Tyre. . .|33 17 0/35 14 35 


(41 7 5/37 48 a0 PO ol ee Le 


Cape Vona ; 
» ME On OSE IS Gas Jae ase. « 
n 


Eunieh . . : 
R. Kizel Ermak, entr./41 45 0/35 56 off JERUSALEM 
* (42 2 30135 9 45 Ascalon, Ruins 


42 7 57)34 56 25 eter 


Stnope . . 
Cape Indjeh 


El Arish, Fort. . 
Damietta ... 
CAIRO e s e e 
oh Seesthe sa.) a 
Aboukir, Tower . 
3,ALexanpria, Light 
ay Point Eunostos 
Var. 10° 55’ W. 
Arabs Tower . . 
Ras al Kanais : 
Ishailoo Rocks. . 


Tifarh Rocks . . 
Salloume ... 
Cape Luko or 
Rag al Milhr .. 
Toubrouk .. 
Bomba, Tank Point : 
— Bhurda Island 
Var. 11° 55' W. 
Cape Razatin . 
Derna .. 
Cyrene, Theatre 
Cape Razat_ . 
Pt. Tolometa, Old T. 
Teukera Sag 
Bengasi, Castle 
Karkora, ma: 
Sahan ... 
Gharra Island. 
. Marsa Braiga . 
3 3Sookren. . ° 
->Bushaifa Island 


Ree ee eS ee ek ee Pad ls De bog fee F ce 

° o; 3.98 > eae e2 9 ~~ 6 ° 
Ow wwwe 
oooo = 


& Linoofe. . . 30 
magia >, 's 30 
Boosaida .. .|30 
Shaiwsha .. (31 
Zaphran. . . (31 
CO 5 6 31 


— Bushaifa Marabut |32 
— North Extreme 
Des soe 
PeGe™ oes 
Ras al Hamra. .. 
Tajoura Point. . 
Tripotr, Castle . 
Var. 16° 35’ W. 
Old Tripoli, Fort. . 
Zoara . 
Jerba I., Zug Castle : 
SS aha eet Daly ae 
Karkenna Islands, 
— Kusha Island . 
‘3 2 Cape ae Kadija . 
é Mehedia, Ruins . 
™ Al Kuriat Is., N, end|35 
Monasteer . . . .'d5 
Soussa, Mole .. 


Isa, Ruins . : ids 
Pt. Kharra, Date Treel3 
Cape Mesurata, 
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30)33 
43/81 
20/31 

0130 
35/30 
35}29 
31/29 


15/29 
32127 
17|26 


0}26 
35/25 


0/25 
5124 
30/23 
36/23 


0/23 
§9|22 
35/21 
56/21 
29/20 
20/20 
50/20 
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Lat. N.}| Lon. E. 


Places. 


(26) 


{35 


Herklah . e e e 
Hammamet . Ye 
KAUBIS 7. os We 
Cape Bon, N. Pt. 

Zembra Island mid. ./37 


Cape Zaphran. . .|36 
Goletta, entr. . . ./36 
‘Tunis, City . . .|36 
2 3 Cape Carthage . 4/36 
5 Pt. Farina cel oeE las 
a Piana Island . . .37 
Cane Rocks . . .|37 
Cape Zibeib . . «137 
Bizerta, Mole . . .137 
Cape Bianco . . 437 
Cape Serrat . . (37 
Galita Island . . «1/37 
Sorelli Rocks . . .|37 
Cape Negro . . «37 
Tabarca Island . .|36 
Cape Ross . . . ./36 
Cape Mavera . . .|36 
Bona, Town... ./36 
Ras Shailouk . . .|37 
Ras Hadeed or 
Cape Ferro. . . .|37 
Ras al Frigana ._ .|37 
Jijeli Fir gate ree 
Cape Carbon . . .|36 
Pisan Rocks . . .|36 
_C. Dellys or Tedilles |36 
# Cape Bingut . . ./36 
= z Cape Matafou. . .{36 
= Pa hewea! Light . .136 
Sidi Farrach Bay (36 
Zerzahal jy. toe s136 
Cape Tennez . . .|36 
Palomas Island .. .|36 
Cape lvi . « . .|36 


Cape Ferrat . 
Oran, Castle . 
Cape Falcon . 
Habiba Island . 
Cape Figalo 

Cape Noe e 


oe @ @© @ @ 
(IO 
Or 


Melilla .. 
Cape Tres Forcas. 
Al Buzema, 
some Garrison Rock. 
8 Penon de Velez 
5 Pescadores . : 


Tetuan, Tower 
Cape Negro 
Ceuta, 

— Almina Pt. 
Tangier. . . 
Cape Spartel . . 


| Lat. N. ; Lon. E. 


‘ 


59 
3 23 
3 49 
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(27) Places. 


Alboran Isle . . . 


Formentera, 
— Point del Aguila . 


Iviza or Ivica, 
— Point Denserra . 
— Cape Nono. .. 
-— Bedra Island . 
=— Cape Falcon . 
= Cabrera Island, 
— — Point Anciola . 
-3 Majorca or Mallorca, 
: — Point Rebagada 


— Palma, Town. . 
— Cape Salinas 

— Cape de Pera . 
— Cape Formenton . 
Minorca, 

— Cape Dartuch. 
— Cape Minorca. 


i) 
= 


Cape del Testa or 
Longo Sardo . . 
Asinara I., N. E. end. 41 


Cape Falconi « « (40 
Cape Argentara . ./40 
Cape Caccia . . .|40 


Alghero, Church ._ |: 
Cape Marargui . .|40 
Mal de Ventri Island 39 
Coscio di Donna Rock!/39 
Cape St. Marco . .j39 
Cape Frasco . . 
- Oristano, Steeple . 
‘= Cape Pecora . . 
+3 St. Pietro Island, 
&S— Carlo Fort. . 
28, Antioco Island, 
— Point Sperone . 
Zoro Rock..°% « 
Cape Teulada . . 
Pula, Tower .. 
Cacturari, Mole . 
Cape Carbonara, 
— Cavolil., Tower {39 
Cape Bellavista . ./39 
Tavolara I., N. E. Pt./40 
Montorio I.,N.E. Pt. |41 
Madelaine I., N. Pt. (41 


43 
43 


Giraglia I, Tower 
Cape Corso 
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XII. Islands in the MEDITERRANEAN, 
GULF OF VENICE, and 
ARCHIPELAGO. 


egos Ue Places, 


St. Fiorenzo .. 
Calvi oS ace eae vo 
sy Cape Turghia, Tower 42 
‘3 ZAjaccio. . . . 41 
© Point Senetoso . 
© Bonifacio, Tower. 
Porto Vecchio . 
BASTIA, Church. 


Gorgona, Tower . 
Capraja, N. Point, 
— South Point . 
Elba, Cape Vita . 
— Port Ferragio . 
— Cape Infola . 
— Cape Dorana . 
— Cape Calamita 
Pianosa, N. Point . 

8 Africa Rocks or 

© West Formiches 

3 Monte Christo, mid. 
"S East Formiches 

5 Giglio Island, N. Pt. 

=S— South Point . | 

™ Gianuti; mid. {! .6)% 
Palmarola, N. Point |40 
Ponza, 8S. Point . .|40 
Botte Rock . . .|40 
Zannoni, mid... . 
Vandotina, N. end 
Ischia, Castle. . .e 
— Point Imperator .|40 


Procida, N. E. Point |40 « 


Capri, Point Carena .|40 


Faro, Light . 5 
Messina, Light 
Var. 18933’ W. 
Scaletta, Fort . « . 
Taormina .. 
Mount Etna, peak. 
Aci Reale, Pt. Tocco|37 
Catania, Mole. . .|37 
Augusta, Light . .|37 
Syracuse, Light . .|37 
Passaro Island, Tower|36 
lape Passaro . ._ .|36 
73 Cape ScalambraTowerl$6 
o =Scoglietti . . . .|36 
Terranova . . . 
Alicata, Castle . 
Palma .. . 
Girgenti, Mole . 
Cape Bianco . . 
Cape St. Marco . 
Cape Granitola . 
Mazzara, Citadel. . 
Marsala, Cape Boco .|37 
Trapani, Light . . 
Cape St. Vito,Church'38 
Castel a Mare, Fort ./38 
Cape de Gallo. . 138 


14 


ooo i Se aria 


Lat. N. |} Lon. E 
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(29) Places. Lat. N.| Lon. E. || (30) Places. 


PALERMO, Light . 
Var. 18° 45! W. 
— Observatory . 
-Cape Zaffarana 
ts Termini, Castle , 
+ % Cefalu, Cathedral. 


Pomo Rock .. . 
St. Andrea . . . ./43 1 40/15 45 30 
Busi, Signal . . [42 57 42:16 1 3 
Lissa, Mount Hum .43 1 43/16 6 54 
— Town .. . ./43 3 10/16 11 30 
3 Lessina, 
a= Fort Imperial . ./43 10 45|16 27 4 
 — Mount 8. Nicolo . 43 8 34|16 36 0 
‘“p — S. Georgio Tower |43 7 29/17 11 29 
« Curzola, 
= — Fort San Blas . ./42 57 25|17 7 59 


? Caronia ane 4 
Cape Orlando . 
Cape Calava , 
Melazzo, Light 


Eolian Islands, Chie S. Giovanni di BI. 42 58 516 40 34 
— Stromboli, Church|38 = Cazza, Signal . . .|42 46 2/16 30 54 
— Baziluzza, Ruin 8 Lagosta, 

— Panaria, S. W. Pt./38  — Mount S. Georgio 42 45 1/16 51 45 


_— Penrose Rock. . z = Lagostini Rks. E. end|42 45 51/17 8 52 

— Lipari, Castle. . S 3 Meleda, 

— Vulcano,Sul. Wks.|38 — Port Pelazza . 

— Salina, Amafi Ch. [38 — Point Grui. .. 

— Felicudi, Church .|38 34 5/14 29 37|| Pelagosa, Signal . .}42 23 44/16 16 3 

— Alicudi, Church .|38 32 41|14 16 30}} Cajola Rock . . 

— Ustica . . . 38 43 17/13 11 10} Pianosa, Signal . . 

. Var. 17°41’ W. Tremiti, S. Nicola ./42 7 30/15 31 4 
3 Zgadian Isles, 
3 — Maritimo, Castle [38 1 10/12 3 55]! Fano, N. W. Point .|39 52 15/19 19 15 
—— Levanso. . . .38 1 38/12 20 29)) Mberlera, mid. . . ./39 53 15|19 31 40 
= — Favignana, Castle |37 56 36)12 17 45 Samotraki, N. W. Pt.|39 46 30/19 27 0O 
‘S Pantellaria, Fort . ./36 51 15/11 54 29]) Corfu, Cape Draste .|39 48 15/19 38 0 
‘SGraham’s Shoal . {37 9 01243 0]| — Tignosa, Light 39 48 O19 57 30 

DUANE t\«, * 135 51 50/12 52 9 — Citadel, Light 139 37 O19 56 O 

Lampedusa, Castle 135 29 19|)12 35 10 — Cape Bianco, Lt. [389 21 0120 7 0 

Lampion . (35 33 10/12 19 10]| Paxo, Gayo Light .|39 11 30);20 12 20 

Goza, N. W. Point 136 3 45/14 8 Ol] Anti Paxo, S. KE. end [89 8 $0|20 15 45 

Malta, Valetta Obs. .|35 53 55|14 30 50|| Leucadia or 

Var. 179 21' W. Santa Maura, . 

— Point Benhisa. .j35 49 9|14 33 0 — Castle . . . 438-50 10|20 43 15 

— Telfola Rock . 5 0 — Sisola Rock : ./38 42 0/20 32 30 

Esquerque or Skirki — Cape Ducato . .|38 33 30/20 32 45 

Rocks, mid, . . 0|| — Pt. Lypso Prygo ./38 34 40/20 38 45 
Keiths’ Reef, mid. . 0|| ~Arkudi, S. Point . ./38 32 15)20 43 0 
Galita . .. . 37 32 30) 8 55 0 = Meganisi, S. Point ./38 35 20/20 48 30 
6 
2 


oe 


Sorelli Rocks . .. 5 Kelamo, S. Point . .j38 34 45/20 52 30 
aiRinadta S. Point . ./38 32 30/20 54 45 
§ Atoke, N. Point . .138 30 15/20 48 30 
44 30 55/14 18 8 5 Cephalonia, 

144 32 114 27 571s — Cape Viscardo. .|38 28 40/20 33 0 


Unie, Church... 
Sansego, Mt. Garbe . 
Lossini, Piccolo Ch. 


gy Pago, Mount S. Vito \44 28 40)14 59 37] — Cape Aterra . 4/38 21 30/20 24 15 
-3 Premuda, Signal Staff|44 20 12|14 36 49] — Cape Aji . . [88 8 40/20 23 30 
S Selve, Steeple, . .j44 22 31/14 41 53)| — Port Argostoli  ./38 10 40/20 29 15 
Ulbo, Mole. . . .j44 22 54/14 46 58 — Cape Skala. . ./38 3 0/20 46 30 
SScarda, Signal. . 444 17 16/14 42 20 — Cape Capri . .|38 7 0/20 49 30 
ZIsto, Signal . . .|44 16 40/14 46 19] — Point Kelia . .|38 16 30/20 41 30 
© Puntadura, Mt.S.Geo.|44 18 10/15 3 13 Ithaca or Theaki, 
2 Melada, Steeple . .|44 12 48}14 52 38 — Point Marmara .|/38 30 0/20 39 0O 
 Grossa or Lunga, — Bathi, entr. . .|38 23 0/20 42 30 
‘S — Punta Bianchi, .|44 9 O14 49 36) — Point Agiani . ./38 19 20)20 46 0 


3 Peschiera Shoal . 43 45 36/15 20 37|) Oxia,S.end . . ./38 17 20/21 6 15 
$ Curbavela, E. Point .|43 41 26/15 30 56|| Zante, Cape Skinari ./37 56 50/20 41 30 


= Zuri, Mount Bol . ./43 39 19/15 38 42/| — Cape Kieri. . .|37 38 35)20 49 30 
Brazza, — Point Basilika. .|37 44 0/21 0 40 
-—— Milna, Steeple .}43 19 29)16 26 57|| — Zante, Castle . ./37 47 20/20 54 15 


3 16 37 18 — Point Krionera’  ./37 48 40/20 55 0 


— Mount S. Vito 


(31) Places. Lat. N. | Lon. E. 


ese 
Sule Wht Otte G. 


Moncague,N.W.Rock|37 56 30)20 58 30 
Stamphanes, 

— Convent Island 37 15 0/21 1 30 
Cerigo, Cape Spati ./36 22 30\22 56 30 
- Kapsali. . . |36 7 2023 0 0 
— St. Nicolo . . 436 13 0/23 5 30 
Ovo, middle . . 86 4 45/23 0 30 
Porri,. . . . « 35 56 0/23 15 15 
Cerigotto, S. Point ./35 49 15/23 18 0 


Cape Crio or St. John}35 15 45/23 32 35 
SordiIsland . . . é 
Grabusa Island . 
Cape Buso. . . 
Cape Spada . . 
Canea, Town . . 

3 Cape Maleka . . 

S = Retymo, Town . 

3 Cape Retymo. . 
CORRODE st ee one 
Cape St. John. . 
Cape Sidero . . 
Cape Salimon . . 

Cape Xacro or Yala 

Christiana Islands 

Gaidronisi Island . 

Cape Matala . . 

Paxamides Islands 


Anti Gozzo. . « 


Caravi ie eS  OrL Fe 
Falconeri . . 
Bello Poulo, N. Pt. 
Spetzia, summit . 
Hydro, summit . 
— North East end 
Poros, Mount Elias . 
Egina, Peak . . 
St. George d’Arbora 
Macronisi, N. end 
— Southend. . 
s Zea, Port entr. . 
=— Mount... 
&.Thermia, summit . 
= — South Point . 


3 Tinos, S. Nichola Rd. 37 i 
© Miconi, N.W. Mount|37 29 16/25 21 22 
5 Rhenea, middle ~. .j87 25 0/25 15 0 
Ghioura, summit . 187 36 36/24 43 13 
Syra, summit . . .|37 2§ 56/24 55 28 
Pipero . . . - .|37 If) 15/24 31 48 
Serpho, summit . ./37 10 24/24 29 36 
Siphanto . . . .|/86 58 4/24 42 36 
Argentiero, summit .36 49 20/24 33 23 
Polino, summit . ./36 46 10/24 38 57 
Molo, Town . . 36 41 42124 29 36 
- Mount Elias . |36 40 27/24 23 14 
Ant: Milo, summit ./36 47 42/24 14 33 


Poli¢amdro'; .. 136 37 “49165 5 
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(32) Places. 


Skyeno, summit . ./36 39 
Nio, summit . , .|36 
Heraclia, summit. ./36 
Paros, Mount . . .j37 
— Naussa. .. «a7 
Anti Paros. . . .36 
Naxia, Mount Dia _.|37 
= LOWE | 2) bare alee 
Karos, summit . 

Amorga, E.end . . 
Amorga tape Re : 


Chrktisia Talanda: 
Anaphi or Nanphio . 
Hermonisi or Fidulee |36 
Tragonisi or 
Ponticusa, summit .|36 
Stanphalia, Mt. Vegliaj36 
St. John or Cherni 
Kaleori or Monks. . 


Scopelo or Scopoli, 
— Mount Delphi. . 
Skiathos, N. Point . 
Pelerissa, summit . 
Joura, summit. .. 
ed DeXE 4 oth eke un ae 
“St. Estrati, summit . 
3 Lemnos, N. W. Pt. . 
= — Cape Stala, S. Pt. |39 
= — Pt. Blava, N.E. Pt.}40 
“ Tenedos, Peak. . . 
= = imbras, summit a ae 


rae Town ° e e 
Psara, Mount. . 


— Cape Mastico. . 
— Town, Lights . 


Samos, w. Mount : 
— Port Vathi. . 
Patino or Patmos, 
— South Mount . 
Lero, Mount Chidi_.|: 
Calymnos, summit 
Cos or Stanco, 

— Mount Christo 

Se RL a di oe 
Nisari, summit . . 
Tilo or Piscopi, 

— N. W. Mount. 
ree Ss oe 
Caso, 8. Point. [35 
Scarpanto, S. Point .|35 
— North Point . .35 
Scarpeuton, N. Point |35 


Lat. N. | Lona 


0 
0 
0 
0 
0 
55 
0 
0 
38 


bo 
o- 


a_i 
on 


| 


TABLE LVI, 


LATITUDES ayn LONGITUDES 


— Galina I., W. Pt. 1 


t. [11 27 4015 46 30 HT 


Places. 


(33) Places. Lat. N.| Lon. E. | (31) 
ee tl G4 OP Teenie as TERA LO TCE | TER rae 
Rhodes, Mole. . ./36 26 53/28 12 51 Bijooga Islands, 
— St. Catharine’s I. |35 52 0/27 45 30] — Orango 1,s.£. Pt|l 
— Cape St. Johan. 36 3 45/228 4 Of -— W est Point . ll 
- Three Brothers . .|35 50 20/27 55 1 Rio Grande Shoals, 
— South Breakers  .j10 
Cape Salizano. . ./35 6 20/32 16 3a — West Breakers. .jI1 
Cape Cormachiti . .135 23 50/32 57 5, PullamIsland. . ,1 
Cape St. Andrea , .}35 41 40/34 37 25] Alcatraz Island . 10 
% Famagousta . . 35 7.40/33 59 5 Nunez River, entr. 10 
= Cape ‘Grego Cone dak Of Bolte, O20 Cape Verga . . {10 
ay armaca. . . « 31 55 13/33 39 32)| De Los Islands, 
~ Cape Chiti, Tower ./34 49 55/33 38 15]| — Crawford Island .| 9 
Eimasol;’ . . «2 .jo4 41° 15/33 3 45). — Tamara I.,.N.;Pt.| 9 
Cape Gatte. . . .134 32 50/33 1 35, Tamara I., 8. Pt. | 9 
Cape Blanco . . ./34 39 20/32 40 15! -— Factory I., N. Pt.| 9 
Bafta or Paphos [34 47 20/32 26 20! Matacong Island . | 9 
DCMT SESS i Srerra Leone, Cape | 8 
— Free Town. . J 8 
XIII. The Coast of AFRICA from tha — King Tom’s Point! 8 
entrance to the MEDITERRANEAN -— False Cape. 8 
to the CAPE OF GOOD HOPE, Var. 18° 7’ W. 
Cape Schilling. . 8 
— Banana Islands, Peak | 8 
; West Plantain Is.,Gillmonis! 7 
Cape Spartel . . 35 47 15) 5 54 25]! . Point Tassa 4 7 
Larash |35 13 0; 6 9 0}, $Sherbro Island, 
New Salee or Rabat . 34 230 646 0 ‘S — Cape St. Ann . | 7 
Azamor. . . . ./33 17 30/ 8 15 0) Sherbro River, 
gCape Blanco . . 33 6 0 8 38 0's — Turtle Is., N. end.| 7 
=Cape Cantin . . 82 35 0) 9 13 20] = — York Island LOT 
Satie. . . . . |82 18 10| 9 12 ol] = — Sea Bar, S. Point | 7 
= Mogadore Island . 131 30 301 9 44 0 ky Cape Mount | 6 
Cape Geer. . . .|30 38 0| 952 O!/\ Cape Mesurada . | 6 
Cleveland Shoal . ./30 45 01027 Oj) =Grand Bassa . . | 5 
Santa Cruz. . . .j30 28 0] 9 42 Oo}! Grand Sestros . . .| 4 
Cape Non - (28 42 011 15 20)|E Cape Palmas . | 4 
River Non, entrance |28 17 011 31 0Oj| Var. 19° W. | 
False Cape Bojador ./26 25 12\14 12 30) St. Andrew’s River | 5 
Cape Bojador . . 26,7 1014 39 30]; Labou, Town . nel 
= Seven Capes. 24 41 1015 0 36)| Cape Appolonia . | 4 
= River Ouro,ent. N.pt.|23 36.18.15 8 30|| Axim, |} od 
S Cape Barbas . . ./22 19 3016 9 10] Cape Three Points | 4 
|= Cape’'Blanco . . ./20 47 017. 4 30]) Dix Cove, Fort . | 4 
=< Cape Mirik . . |19 25 016 32 6} Elmina Castle . 8 
Portendik - « J18 19 016 2 90] Cape Coast Castle J 5 
Barbara Point. . .|15 55 016 32 30) Anamaboo .. j. «5 
Seneca, FortSt,Louis|I6 0 5016 3 0) Cormantine Fort . | 5 
Cape Verd, the Paps |14 43 2517 30 45]| Tantumquery Point .| 5 
— North West Pitch|14 44 40/17 32 20}' Barrakoo Point . || 5 
§ Goree Island, Town |Il4 39 5017 25 0}, Accra. . . « 4 5 
" Var. 17931! W. | 
= R. Gambia, Bird I. |13 39 1016 40 20|| Ningo Fort. . . 45 
3 — Cape St. Mary 113 30 1046 41 2 Volta River, entr. | 5 
wo — Bathurst Town ./13 28 016 35 20) Cape St. Pauls... 5 
Var. 17° 56' W. | CQulttaarorte Vat. fo 5 
Cape Roxo. . . .12 23 016 51 15|| Little Popo. ... . 6 
Bissao, Fort . . .11 51 015 37 10}) Grand Popons: ta), i6 
Var. 18° 0’ W. Watrdagn) oh alas ae fo 
*Bijooga Islands, Porto Nova . «. « 6 
— Balama l., S. Pt. [IT 29° 015 36 Badagry, Mount . . 6 
— Tombelly, N. Pt. [11 29 015 30 Lagos River entr. . 6 


Var. 21° 6’ W. | 


4215 
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3013 . 
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TABLE LYI. 
LATITUDES ann LONGITUDES, 


(35) Places. (36) Places. Lat. S.-| Lon. E, 


3 Benin River, N. Pt. 

= Ramos R., entr. . 

X Cape Formosa. . 
NewCalebarR., W. Pt 
Old Calebar River, 

— Tom Shot’s Point. 
~ Cameroon Ra 

& — South East Pt.. 

< Cape St.John. . 
ee Island aus) 5 

Cape Esterias . . 
Gaboon R., Pt. Glas 


Table Bay, 

— Cape Town, Obs. (33 55 12/18 23 35 

— Green Point,Light/33 53 10/18 19 30 

g & Var. 28° W. 
S — Devils Peak . ./33 57 12/18 21 30 
m Cave or Goon Hore ./34 22 Oj18 24 24 
& — Bellows Rock. ./34 23 48/18 24 30 
x False Bay, 

— Simons Bay,D.Yd./34 11 18/18 21 0 
ees Whittle Rock . .j34 16 30/18 29 0 
S— Seal Islands . ./34 8 48/18 30 19 
& — Anvil Rock . ./34 22 40/18 26 5 

FalseCapeor Hangklip|/34 23 45/18 45 0 

Var. 28° 10’ W. 


Nazareth River . . 
Cape Lopez .. . 
Vur. 19° 8’ W. 
Cape St. Catharine 

= Setteé River, entr. 

= ’ Point Pedros . . 

= Mayumba Bay. . . 
Var. 2194’ W. ty 
Loango River, entr. . 
River Congo, 

o — Cape Padron . 

“Ambriz Bay . . 

= Dande Point . . 
St. Paul de Loando | 
Cape Ledo. . , 
Nova Redonda . 
St.Philip de Benguela, 
bos Fort e e ° @ . 
Salinas . . « 
Elephant Bay, Friars 13 
Cape Mary, Pillar .j13 
Cape Martha . . . 
Var, 229 W. 


XIV. ISLANDS, ROCKS and SHOALS in 
the NORTH ATLANTIC OCEAN, and 
SOUTH ATLANTIC or SOUTHERN 
OCEAN. 


North West 


Lion’s Bank .. 
Rockal . e eat 309 S213 317 
Aitkin’s Rock? - 105 19 O}9 58 


Brazil Rock . 
Chapelle Bank 2 
Devil’s Rocks. 
Negre’s Rocks, about 48 7 Oj21 0O 
Isle Verte, abt. . .j44 52 0126 25 
Greeve’s Ledge, abt. 44 15 0/25 5 
Amplimont Rocks ? 
Perseus’ Shoal. . 


Three Chimneys? . 
Gough’s Rocks? . 
Little Fish Bay, Watson’s Rock .. 
— Brown’s Point. .J15 13 O|12 2 O|| Whale Rock . . 
Cape Negro . . 4415 40 42)11 53 20)| Eight Stones, N. Part [34 50 0116 35 
Port Alexander . 15 47 0/11 46 308 St. Mary’s Bank, abt./35 53 0/27 19 
= Great Fish Bay, Josyna Rock . . ./31 40 0/23 45 
‘© — Tiger Island,N.Pt.[16 30 12/11 41 Oj} Tulloch’s Rocks . , 
= Cape Frio . . . {18 23 0/11 57 10] Breton’s Rock, abt. 
Cape Cross. . . 421 50 0/13 51 48) Hume’s Bank. . 
— Walwich Bay, Rocks eastward o 
z — Pelican Point. 22 52 30)14 22 5 Bermudas? abt. . 
5 Hollams Bird Island .J24 37 24/14 27 10|| Bermudas I., Town . 
teen hy Pequena . .26 38 30/15 2 30) Var. 3° W. 
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S Possession I., S, Pt. |26 58 30/15 7 30 — Wreck Hill. (32 15 20/64 50 0O 
© Orange River . . .{28 38 30/16 22 30)) — North Rock. 32 29 0/64 42 50 
= Cape Voltas . . « |33 48 50/71 41 20 


Var. 29° W. Mourand’s Bank 
Olephant River, entr.J31 40 45/18 9 37|| Inglefield Bank 
Cape Donkin . . 31 54 12/18 14 10) , — 

Cape Deseada. . .|32 18 25|18 17 O||"3Corvo, South Point ./39 41 13/31 3 0 
St. Helena Bay, 5 = Flores, Pt. Delgada ./39 33 29/31 8 30 
— Paternoster Point [32 42 12/17 49 10 2 Var. 18° 30’ W. 
Saldanha Bay, N. Pt.33 1 50/17 48 30 = Fayal, S E. point. .[38 30 12/28 41 52 
Point Isser. . . {33 22 18/18 5 46|] § Pico, summit of Peak/38 26 15/28 28 13 
Dassen Island. . 33 26 12)18 1 30 @ St. George, S. E. Pt. |38 29 22/27 50 42 


28 44 0j16 26 39|| Ashton Rock . . 


Back Point. . 133 33 45/18 14 0 = Graciosa, S.E. Pt. ./39 0 
Robbea Island = = Terceira, Brazil Mt. 38 


(37) Places 


Terceira, Angra . 
St. Michael, 
— Pt. Delgada, City |37 
— Pt. Ferreria . . 
Var, 25° 0’ W. 


Formigas, or Ants. 
St. Mary, Town . . 
Pree VV. PONG. «| s 
_ S. E. Point er) 
Porto Santo, Town 
. Var. 23° 30’ W. 
Madeira, E. Point 
— Funchal, Fort. . 
Var. 219 W. 
— West Point .:. 
— BrazenHead . .)3% 
Desertas, 
— North I.,N end. 
— South I., S. end ii 
™ Salvages, Great . 
— Great Piton . 


ladeira Islands, 


Palma, N, Point 
— Sta Cruz. . 
— Tasacorta . 
Ferro, Valverde 
— West Point. 
Gomera, Port . 
Teneriffe, 
— Sta. Cruz, Mole . 
Var. 20° 0’ W. 
c= — South Point. . . 
7 Uk) ae 
— Orotava. ... 
Canary, 


— West Porke “4% SS 
— South Point .. 
Fuertaventura, 
—LobosIsland . 
— S.W. Point. . 
Lanzarota, 
— South Point . 
— Portde Naos . 


mi: Islands. 


-- N. E. Point 
Allegranza Island 


St. Antonio, N. Pt. 
— East Point . . 
— West-Point. . 
;— Tarafal Bay. . 
 S Var. 15° W. 
s— cer Point’ ~;. 


St. Lucea, N. Point 
=_ East Point. . 
2 Branea, center. . 
S Raza, E. Point . 

St. Nicholas. N. Pt. . 


| Lat. N. 


TABLE LVI. 


Lon.W. 


Cap 


ii m= Roccas 


LATITUDES ann LONGITUDES. 


Places. 


Oo 


St. Nicholas, W. Pt. .|16 
— Monte Gorda . ./16 
— East Point . . .j16 
— South Point . .|/16 
Sal or Salt I., N. Pt. |16 
— Mordeira Bay. .|16 
Var. 14° 10’ W. 
— South Point. 
Bonavista, N. W. Pt. 
— North East Point 
— New Town. .. 
— South Point . 
> Leton Rocks .. 
Mayo, N. Point . 
— English Road. . 
— South Point. 
f Pid. Jago, N. Point 
— East Point . 
— Porto Praya 
— S.W. Point. 
Fogo, N. Point 
— Luz Town . 
= Peak’. 25" 
Brava, Road . 
Warley’s Shoal, abt. . 
French Shoal . . . 
Penedo de St. Pedro, 
or St. Paul’s Rocks 
Fernando Po, 
— Cape Bullen . 
— Point William. . 
— Cape Horatio. . 
— Cape Vidal. . . 
-- Cape Barrow . 
Var. 24° 0’ W. 
— Cape Eden. . 
— Cape Badgley eae 
— Charles’ Folly. . 
— Goat Island, center 
¢ Prince’s Island, 
3 — Fort St. Antonio .| 1 
— The Brothers . .| 1 
= = St. Thomas’s Island, 
~<: — Man of War Bay .| 0 


./16 
16 


Verde I: ee 


e =o LS 


oC =O 


Ss) 


tlanti 


®Annabona, Road ,. .| 1 


) 


< 
ps Bouvet’s Sandyl., abt.| 0 
0 


"S Triton’s Banlgeee 1. 


| 3 Fernando de Noronha, 


= — The Pyramid . . 


Blaesdale’s Heat, abt. 
Manoel Luis Rocks . 
Vur..0° 57’ E. 

Sylva’s Rocks. . || 
Trinidad, S. BE. Point (20 
Var, 5° W 

Martin Vas Rocks  .'20 
Laurel’s Shoal . (36 
Ascension | , Flagstaff 7 


oo ew to & & 


Lat. N. | Lon. W. 


Pl hie Obie Dies 


0\24 
50)24 
30124 3° 0 
30/44 
20/22 
30123 3 


1523 0 0 
20/22 ! 
0|22 


51 24 
30 60 
55 56.14 2! 23: 50 
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ew Bridgman’s i... 
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St. Helena, 


(39) Places. Lat. S. 


¢ 


TABLE LVI. 
LATITUDES ann LONGITUDES. 


i] o 


— James Town . ./15 54 48) 5 


Var. 17° 30’ W. 

Tristan da Cunha. ./37 

Inaccessable I. . ./37 

Nightingale I... .137 
.2Gough’s Island . ./40 
Lennon’s Reef, abt. .|37 


tlant 


= Whale Rock. . . .|37 

= Circumcision Land .154 

3 Malouines or Falkland 

* Islands, 

= — Port Egmont . .51 

= — Ship Harbour, .|51 

‘~ — Cape Porpoise  .|52 

= = Solidad or 

= Old Fort St. Louis |51 
™ Beauchene Island. ./52 
Vur. 20° 45’ EB. 
Resignation [.2 . .150 
Aurora Islands? 
— Northernmost . .|52 
— Middle Island. ./53 
— Southernmost . ./53 
Shag Rocks . . 453 


Wallis Island . . .|54 
_, Cape North Panes HY: | 
< Vir. 11° 15’ EB. 
Cape George . . ./54 


on Sandwich Bay eA 


 Q. Charlotte’s Cape 54 


3 Coopers Island . .j54 
®C. Disappointment .|/54 : 


Pickersgill Island. .|54 
Clerk's Islands e «6/55 


= Candlemas Islands .|57 
Saunders Island *, 
= Cape Montague . 
‘= Cape Bristol . . ./59 
S Friesland Peak. 
Seuthern Thule . 


¢ 


Sa ie 


South Orkney’s, or 
Powell’s Groupe, 

— Cape Dundas . .|60 

— Saddle Island . .'60 

— West Cape. . ./60 

Var. 16° 1' BE. 


: Clarence Island, 
— Lloyd’s Point. ./61 
— Cape Bowles . ./61 
Cornwallis Island. .|61 
= Elephant orBarrow’sl. 
= —Cape Valentine  .|61 
= Se: iat Gee | | 
~ O’Brien’s Islands. .|62 
2 Var. 270 30/ BE. | 


Lon.W. || (40) Places. 


Lat. £ ab Lon. W. 
re See 
N57 45 4 


5 
45 20] .North Foreland . «161 51 0/58 0 
Desolation Island. .|/62 24 060 25 0O 

0 


—— 
oO ‘ “ 


Cape Melville. . .62 1 


MAY 


1112 6 50 = Cape Sheriff . . .|62 26 0/60 40 
0}12 13 0}; Var. 28° E. 
O12 11 O > Start Point. . . «62 41 30/61 16 30 
30| 9 49 0)! = Basil Hall’s I. center |62 47 30/61 40 0 
0} 4 42 O 3 James’ I., East end ./62 52 45/62 26 30 
East A— Westend . . .j/62 49 30/62 55 0 
9| 7 30 O!| = Jameson's I., center 63 4 0/62 17 30 
01614 0 3 Deception I. "East end 62 55 0|60 29 0 
St. George’s Bay . .'62 6 0/558 6 0 
West Hope Island . . 163 5 30/56 44 0 
30160 1 415 
10/61 14 Lol! AlexandertheFirst’sI.\68 13 0/73 10 0 
40|59 17 50||_ Peter the First’s I.. 168 57 0190 46 0 
058 4 Lb XV. The Coast and adjacent Islands 
30/58 48 0 from the CAPE OF GOOD HiOPE 
| to CANTON. 
042 0 0 
A 43 15 South | East 
40147 55 15 Cavrz cr Goop Hore ./34 22 018 24 24 
23/47 7 15 FalseCape orHangklip/34 23 4818 45 0 
0143 8 o| Var. 28° 10’ W. | 
Mudge Point . . ./34 27 1219 8 30 
0\38 29 40|| Danger Point . . ./34 41 3019 16 30 
45|88 15 0 Dyer’s Island. . ./34 43 4219 23 10 
Quoin Point - «34 48 4819 36 40 
0136 32 30 Cape Lagullas. . ./34 51 1219 56 30 
0|36 12 O|| ,Struy’s Point . . «34 42 2420 11 9 
0136 11 30|| $Cape Infanta . . ./34 30 5020 48 0 
ol36 4 20| = Leven Point - +34 27 2091 20 0 
0136 15 0 ~ Cape Vaches . . ./34 19 4291 51 24 
30/36 58 all = Flesh Point. . . 3415 0/21 58 90 
30134 42 0} & Mozelle Bay, 
‘>— Cape St. Blaize ./34 7 0/22 6 40 
0127 13 O =Knysna River, E. Pt.34 6 30'23 2 40 
0126 58 0 zag em 3 Bay, 
88 46 OS—CapeSeal » . [34 4 48/93 17 30 
51 0 ee St. Francis . ./34 10 0 %4 47 30 
ape 55 30 Algoa Bay, 
0127 45 oO] — “Cape Recif. . .|34 2 10125 36 10 
— St. Croix I., Peak |33 47 3625 41 30 
-- Doddington Rock |33 67 1826 6 20 
— Lird Is., eastern ./33 52 5/26 12 50 
30/44 35 45)| _— Woody Cape - 33 46 3026 9 0 
50/44 52 45|) Point Padrone. . .|/33 46 3026 19 30 
0/46 23 52\| Kowie R., entr. . .133 33 42/26 45 0 
Great Fish Point . ./33 30 10/27 210 
Great Fish R., entr. .|33 27 0/27 2 3y 
0/54 23 || Keiskama R. enir. ./33 16 42/27 26 30 
0\54 25 0) Poimt Hood. . . ./33 3 50/27 52 50 
054 41 O Buffaloe River, 
— Cape Morgan . .132 42 6/28 19 40 
0154 55 0 Var. 30° W.* 
055 32 | Hole in the Wall - 32 3 12128 56 0 
0/56 20 0} St. John’s River, entr |31 34 30/29 23 40 
; | Cape Natal. . . .|29 53 0|30 57 1o 
0/56 57 30 


Fisher’ s River, entr. - 129 16 18/31 28:0 


Places. 


“CD 


Point Durnford . 
Cape St. Lucia . 
Cape Vidal. . 
Delagoa Bay, 

— Cape Collatto . 
— Cape Inyack . 
_ Elephant L., N, Pt. = 


Lagoa. River eater 

Inhampura R. entr. 
Cape Corrientes . . 
Inhamban Bay, Town/23 


— Mafouroon I. . 
Cape Lady Gray . ./22 
Bazarouta Is., N. Pt, 21 


Inverarity’ s Shoal . 


Sofala, Fort . . 
Luabo Shoals . . 
Quillimane R., Town |17 
— Port Taugalane 
— Senna, Town . 
David’s Shoals . 
De Sylva Bank . 
_Foga or Firel.. . 
= RazalIsland. . . 


S MafamalorMafamedel 16 
ie Huddart’s Shoals . .|15 
5 = Mogincale Shoals, 

3 — Northend. . 15 


— St. George’s I. .|N5 
Quintangonya, S. Pt. |l4 
Melamo Point. . ,|I4 
Penda Shoal, E. end .|14 
Laguno Point . . ,|I4 
Soreessa Point. . .|I13 
Badgley Point. . {I3 
MaunhanéorDevil’sP¢12 
Pomba, N. Point. .|12 
Var. 14° 30’ W. 

Areemba Point . 
Querimba Islands, 
— Foomo l., N. Pt. .j12 
— Querimba I., N.Pt.}12 


{12 


—- Ibo l., Fort. . .iI12 
— Matemo L., E. Pt. 1 
Pangané Point. . .!11 
Isla dos Mattos . .ll 
Zanga Island . . «Ll 
Vumba.L, Er P<.” ICl 
Nondo Pt. , «gel 


Tikomadjy L., N. E.Pt.|10 
Cape Delgado es Le 
Rooh: amba Daten cr sey 0 
Monghou R., E. Pt. 


= Trees Island . 17 
= Macalonga Point . 16° 
“>Caldeira Island (16 
3 Angosha Is., Hurd’s 1.|16 : 


mj — Southend . . .|15 % 
8 Barracouta Point . 5 R 
a Mozambique, Fort 15 


423 4: 


Chuluwan I., N. Pt. |20 38 


TABLE LVI. 
LATITUDES ann LONGITUDES. 


30 
30) 
0 


50 
30 
1d 
42 

0 


> 30 


25 

40 

30| 
0 
0 


30 
5d 

0 

0 
20 
4b 
12 


5 20 


1s 
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Places. 


(42) 


e 

Lindy R., Fort . 
Masonga River. . 
Kisoohara R., N. Pt. 
Keelwa, or Quiloa, 
—Pagoda Point . , 
Quiloa [. Fort. . 
Songa Songa . . 
Monfeea, W. Point 
_— Moresby Point 
Poana Point . 
Latk: aliiWicl ss 

Zanzibar I., S. Point 
mae) LOWE a cushv eR ais 
— North Point . . 
Paugany R. 
— Ne re Levys 
Pemba I|., 8S. Point . 
Mesal lietand. 


Orn 


AAOAAaNINNOWeS 


— Chak Chak Bay .| 5 15 40139 
—N.W. Point ~. .| 4 52 0/39 
Mombas I., Fort . 4 4 0139 
Killeely River, entr. | 3 37 48/39 
Maleenda . . .e 3 12 48/40 
Formosa Bay, 

— Ras Gomany ; 3 0 0/40 
3 — Ozy River. . .| 2 33 12/40 
-s Lamoo, Town . . .| 2 15 42/40 
= Ras Kattow . . 2 18 42/40 
wt atte LOW | ek! 2 9 12/40 

. Kisingatty . . Pee Gera. 
2 Dundas Tey, pea | 2 O O41 
co Simmanbaya . —| Lh 45 -30t 
8 —PortDurnford,NPt.| 1 13 12\41 
= —wloola To3 oe) f.:,s) 1 1 OagaeE 
= — Thooalal., N. Pt. | 0 50 30/42 
mah — Kismayoo, } N. Pt. | 0 36 48/42 
= Dedalus Shoals . .| 0 24 24/42 

Juba R. entr. . . -| 0 14 30/42 

North 

Brava, Town . . 1 6 48143 

Ora... dus oats 1 26 oj44 

Marka lose ees! J} 44 10/44 

Horealy . ~ er Bld 1 50 10/44 

Gezerat . Bh ait 1 53 48/45 

Mukdeeska or 

Magadosha . . 2 1 48/45 

Var. 9° 0’ W. : 

MurotsHill 3 iyo) S STG 

Ras Asooad, ~. . «| 4 34 10}47 

Ris Awath .  . .s| 6u82:.48H5 

Ras Ul Khyle. . 7 43 30H9 

Ras Mabbere . 9 29 050 

Ras Hafoon or Orfui . 10 27 48151 

Hor Hardeea . .10 34 36/50 

Ras Banna. . | 24): 


Cape Guardafui 
Ras Asser . . 
Ras Met. . . 
Mette Island . 
Burnt Island . 
Burburra . . 
Zeyla. “wer 


310 


(43) —— Places. 


—S> 


Cape Rasbir ... 
Abdul Koory I. W. Pt. 
me NGM. Pts fe 
Salte’s White Rocks. 
Brothers, Durjy I. . 
—SamaonglI.. .. 
Karkafahroon Rks. . 
Socotra Island, 

— Ras Rarby, W. Pt. 
— Galanscea Road . 
— Pyramid Rock. . 
—Tamarin. ... 
— RasShoorguy,E.Pt 


———s 


BabelmandeborPerim]| 12 

High Brothers. . . 

Babelmandeb Peak . 

Ras Ourata se.) ove 

DhaliaI., E. Pt. . .{15 

MassowahI. ... 

Rus Assease .. 
Suakin, Fort .. 
Salakar oy Ss 
Elba'Cape®. . . 

3 Ras Benas, Tomb 

S St. John’s. . . 

= Fury Shoal, centre 

“ Dedalus Shoal. . 

‘> Wadder Jumaul I. 

En Corie Ae yn OS 
Brothers. . . 

S Sadan A eae 

§ Toor Harbour . 

Ras Mahommed 

ob OYE RS ais 

m3 Cape Bareedy . 

= Yembo, Fort . 

»vidda. . . . 

= Var. 7° 30’ W. 

BS Tieetaiis 24 dbs 
Coomfidah . . 
Loheia ose ve 
Hodeiah... 
Jibbel Teer, centre 
Zebaya I., S. Pt. . 
Jibbel Zooger, S. Pt.. 
Harnish I., S. W. Pt. 
MocHA .. .« . 
Var. 6° 30° W. 


Cape St. Anthony. 
Cape Aden .. « 
Var. 80 40° W. 
Cape Bogatshua . 
-3 Kisseen Point. . 
‘S Cape Fartak ... 
~~ Cape Morebat. . . 
«Ras Jingera «. . 
= Ras Noss . . « 
3 Curia Muria Isles, 
Sei UBUD ope gh oe 
— Hallanny, N.E. Pt. 
—Soda . .« « « -» 


| —Hasky .. . .{I7 29 30/55 30 o|| 


12 


TABLE LVI 
LATITUDES AND LONGITUDES. 


Lat. N.| Lon. E. || (44) 
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Places. 


Ras Garwow 
or Cape Chancily 
Ras Madrake 
or Cape Isolette 
.§ Massera Island, 
"S$ — South Point. 
= — North Point 
Ras Jibsh . . 
Ras al Hubba . 


| & Ras al Had 


3 
Sor Cape Rosalgat 
L Var. O10 W. 

Muskst: (ca Shee 
Burkay 50 Vises 


Schenas . 


SS 


Ormus, Fort ° e 
Larck Hill . . 
Kishma Island, 
— Kishma, Town, 
Luff: (Ha Gees 
nS, Wo Esl. oth te 
— N. W. Point. e 
§ Angar or Anguam I., 
S =a >. N. Point © ° ° 
= oS, SAOIL oie eo sce 
Great TumbI.. . 
Cape Bostana. . 
Bomosa Island. 


ts Polior or Belior I. mid. 


~» Kaez or Kush Island 
SS Hinderabia. . . 
‘> Busheab, E. Point 
Cape Nabon .. 
.« Congoon. . . » 
Ras Mulgurrum . 
= Zezarine I... .« 
‘@ Keyn Island . . 
© Busheer ss" cc te 
® Var. 5° W. 
Karack Island, Fort 
Ras Poshoon . . 
Ras-el Tombe . . 
BASRA or BUSSORA 


Phelechi I., S. E. end |; 


GRAEN) Fst. 
3 Khubber Island: . 
‘b Garwow Island . 
S Malmaradam Island 

Rascule Laren 
oRas-ul-Zoor . . 
Durable Shoal. . 
= Katif Bay, N. Pt.. 


< Var. 5° 40! W. 
%. Koor Hussan ° 

Ras Reccan. ° 
‘SHawlool. . . . 
“Sherarow . : 
& Daeny. i. ; 
<8 Seir Beni Yass. . 


= Dalmy, S. end. 
“N Arzenie ... 
SETH sc. 6 te 
SAUSS ses | te 


Barhrein I., anch. off |: 


Lat. N. | Lon. E. 


of7 “ 


- {17 51 50/56 16 10 
-|18 58 0/57 45 30 
-|20 7 35/58 33 0| 


-|20 40 10/58 1 


-|21 25 50)59 6 30 
- (22 14 30/59 44 20 


-|22 33 10/59 43 10 
123 37 


23 42 
24 45 


5158 41 0 
30/57 59 0 
0,56 33 40 


(27 5 
- {26 52 


-|26 57 


30/56 29 30 
0\56 23 


30/56 19 
-(26 54 0/55 50 
- (26 32 30/55 24 
+ |26 39 30/55 22 


* * on 
ocoecececoeo 


tem OU ee OT ON 
wheSEEZ 


— 
Onmnnmnoourc 


ow 


Sy Se Oh on Se et ee vo Buen 
COmNhNww 


& 
o 
=) 
cr 
i) 
on 
— 


29 16 45/50 21 
39 0/50 
55 
29 ¢ 
23 


27 30/52 27 
48 0/52 42 15 
56 0/52 59 45 
-|25 8 30153 0 45 


cea ha ll 


Bate Castle. 
Point Jigat . 
Diu Head . 
Scarbett Island 
Cambay.. . 
SURAT, Castle 
Vaux’s Tomb . 
Var. 0° 30 W. 
PIA WIAIITE ou sriled. at. 6 
Omergon . 

St. John’ s High Land 20 3 0172 49 0 
Basseen Fort - 0/19 19 O72 55 24 
BomBAY, Flag Staff.}18 55 48/72 54 24 
— Lighthouse » « «1/1853 45/72, 52, 54 
Var. 1° 0! W. 
Henery & Kenery Is. 
Coullaba Island 
MeneOU nei e ies 
Bancoot. . 


2 Pullicate, Flagstaff .|13 25 0/80 22 
S Armegon - « « -{13 59 0180 20 


22 28 30/69 20 
22 13 30/68 52 
20 42 070 56 
20 55 30/71 36 
22 24 0/72 30 
2111 O73 2 
21 4 30/72 47 


Cape Monze . 


~ Point Divy . . {15 57 30/81 14 


— 


ocoo eo eo ecoeocececececeauss 


'S Musilipatam ° -(16 10 OjS1 12 
§ Point Gordewar 
S Coringa . -{16 49 0/82 13 


- »/16 48 6/82 17 
= Visagapatam - « {17 42 30/83 26 


Qe LOS 6.8 Oy OS) 6. bre. @ 
Dit 2 we 6 ee” eC -h...60., Oe @ Lat O 


-|17 53 O|83 34 
-{18 12 0|83 55 
- {19 22 30/85 10 
Jagernaut Pagoda - {19 418 21/85 45 
Black Pagoda. . ./19 52 15/86 8 
False Point . . ./20 19 38/86 59 
Point Palmiras . .|20 41 0/87 11 
Balasore River, ent.|21 28 0/87 12 
Ingerlee Pagoda . ./21 47 0/87 54 
Kedgeree, Post Office 21 52 30/87 59 
Western Brace, 

— Southend . . .j21 9 0/87 40 


TABLE LVI. S11 
LATITUDES ann LONGITUDES. 
(45) _— Places. Lat. N. | Lon. E. | (46) _—— Places. Lat. N.| Lon. E. 
Outer ACen? 1 0 fio Pw 
Zircooa or Zara. .|24 52 0/53 13 15 Cape Ramas.. ./15 5 15/73 58 30 
Seir Abonaid . . ./25 14 0/54 22 0 Carwar Head . . .|14 47 0\74 14 0 
Ras Luffan. . . ./25 54 30/51 36 0 Anje-diva . . . .|14 45 30/74 10 0 
8 Ras-el-Allarch . ./25 0 0/51 38 30 Merjee River . . .|14 30 0/74 28 45 
<= Jezurab-ain- Lassart. 24 46 O|51 37 0 Onore. - « «/14 16 .0)74 34 0 
& Ras Boogmais. . .|24 34 30/51 31 0/| 3s Fortified Island. 14 19 0\74 26 0 
Goodwin’s Islands 24 35 «40/51 43 0 g Pigeon Island. . .:14 2 30/74 24 0 
> Yassaret Island . .|24 14 0/51 58 O]| S Barcelore, Peak .|13 59 0\74 54 O 
"s' Ras-el-Machereeb ./2417 0/51 45 0 & St. Mary’s Rocks, 

t Jibbul Hadwareah .|24 12 0/52 47 O — Largest . . . .{13 31 0/74 38 0 
» Stanner’s Shoal, N. 8 Premeira Rocks -{13 11 0/74 36 0 
pueberd:.) 24°). -|/24 40 0/5317 0 S Mangalore . -|12 51 30/74 53 0 
‘> Mount Jibbul Alli ./25 2 0/55 14 0 Mount Dilly -{12 1 40/75 15 45 
3 Abothubbee. . . ./24 29 0/54 32 0 Cananore . . -|11 52 30/75 26 0 
iE Debai. . . . « ./25 16 30/55 24 45 Tillicherry . . -{11 44 40/75 33 0 
@ sharga . . « « .|25 21 45/55 29 15 Sacrifice Rock . -|11 30 0)75 35 30 
sj Aymaun. . 2... 0 -{11 15 0|75 50 0 
‘3 Amulgawein . . . 30 
= Red Island, Town’ ./25 43 0/55 55 15 Cochigt 8 6.. -| 9 57 30\76 18 30 
“ Ras-el- Khyma - (25 48 15/56 4 15 Quilon © 22.6 0. -| 853 0|76 38 0 
Raumps. . . . .|25 53 0/56 8 30 Anjenja Roads 8 39 25|76 49 30 
Shaum, Towers . ./26 2 0(56 11 15 CaprEeE ComMoRIN -| 8 5 O0|77 35 O 
Boukha Point . . ./26 9 30156 14 15 Manapar Point -| 8 22 0|78 7 O 
Cape Jedda or Yeddu |26 13 45/56 16 30 Punnecoil . . -, 8 41 0/7812 0 
Ras Sheik Munsoud ./26 16 16/56 19 0 Point Calymere -{10 17 30'79 56 O 
Perforated Rock . .|26 23 54/56 27 32 Negapatam, Fort. .)10 45 30\79 55 0 
Great Quoin . . ./26 30 25/56 34 20 Five White Pagodas .|10 49 0/75 54 30 
Cape Musseldom . ./26 23 45/56 35 10 Tranquebar. . . {Il 1 30/79 55 0 
Devicotta w+. . 11 24 0\79 52 O 
Kooe Mubarrack, Porto Nova . . .j11 31 O|79 49 O 
or Blessed Hill 25 52 0157 20 Cuddalore is 7i.. . vf TL 43 Ol 955070 
Cape Jask .. 25 38 0/57 48 Pondicherry . . .{1l 55 41\79 53 45 
Churbar. . 25 16 0160 35 Sadrast 2 fi.ue. “« of 1295280 80883 "30 

Cape Gwadur 254° 0162 17 MADRAS, 
Cape Arubah 25 7 O|64 32 — Fort St. George ./15 4 10/80 19 41 

24 51 0166 35 , Var, 0° 35! EF. 


5 Bimliapatam . 
20 22 0173 2 45. Chicacole . . 
.|20 10 30|72 54 30|| Ganjam. . 


18 42 20)72 53 0 
-{18 37 20)72 56 30 
18 32 30/73 0 0 
-|17 56 40|73 7 54 


Severndroog . 117 47 30173.9 0O Western Sea Reef, 
Dabuly ps se ome le 46: 40173 ELE 0 — Southend . . .|/21 0 O|87 57 
Zyghur Point . -117 16 0/73 14 30 ri Eastern Sea Reef, 
Geriah 5 -116 31 0/73 22 24 Southend . . ./20 59 0/88 15 


© hed Reef Buoy . .|21 9 0/88 13 
Sauger Sand, S. end/2l 2 0/88 26 
Sauger Island, S. Pt.{21 34 0|88 9 
Mud Point. . . ./21 56 O188 7 O 
CALCUTTA, a 
— Fort William . ./22 34 38/88 21 12. 


Angria’s Bank, mid... 
Vingorla Rocks 

GOA jh. . 
Algoado Puint . as 
Marmagoa, Fort . 
St. George’s Island 


16 28 0/72 7 0 
HIS 51 0173 35) O 
-{15 28 20173 55 30 
-|15 29 30173 50 30 
-{15 24 30}73 SL O 
15 22 0/73 59 0 


Malabar Coes. 


25 25 15155 33 Galigat; se2ie 4 
35 15/55 41 45 Chitwa, Church . .{10 33 0|76 8 


i 


| (47) Places. 


Lae. 


TABLE LVI. 
LATITUDES ann LONGITUDES. 


ti 


r Chandernagur » « 22 51 26 


Islamabad or 

= Chittagong . . 

8 Kuttubdeal., N. end 

3 Red Crab Reef. . . 

t} Elephant Point . ./21 10 
Shapooree island. .'20 46 
St. Martin's, Tree I. .|20 38 
Oyster Rock . . .|20 12 

; Mosque Point. .. 

Ss Terribles, middle . ./19 25 

S Cheduba Rocks . .|18 57 

wCheduba. . . . ./18 49 
Wangquong or Tree I.|18 26 
Foul Island. Se De Beer: | 
St. John’s or Church 

oS ARUCKS es Ph, st. IT DS 

® CalventuraRks.,N.W.|16 55 

“ Buffalo Rocks, S. end|16 19 
C. Negrais, 

— Pagoda Point . .|16 2 
Diamond Island . .j15 51 
_ Aguada Reef, S.end.j15 41 
Rangoon River, 

® — Elephant Pagoda .|16 28 
RANGOON, Town. ./16 45 
Var. 2? 0' E. 
Martaban, Town . 
Quekmi Pagoda . .|16 4 
Amherst Town. . ./i6 4 
MuscosIslands,S.end |13 47 
Tavay Point . . \./13 32 
Tavay Town... .114 5 
Tavay Island N.end|13 13 
Mero cots Gas. ssl 26 
Tanasserim I., N.end|12 36 
Cabossa Island . .|12 48 
West Canister. . .{12 41 
Torres Islands,W.end|/11 48 
Pine Tree Island . ./10 20 
Horsburgh’s I. . .|10 Ll 
Roe’s Bank, N. end ./10 2 
Middle Island. . |. 9 8 
Perforated Island. 

Seyer Island, S. end. 
Junkseylon I., S. end 
Slipper Island. . . 
Pulo Bouton, Dome . 
_ Pulo Ladda, Peak 

@aaegn ee 

SPulo Pera .. . 

© Pulo Penang, or 

>Pr. of Wales Island, 

"Ss — Fort Cornwallis . 
Salangore Hill. . 
Parcelar Hill . 
Cape Rachado .~ 
MALACCA, Fort 
Mount Moar . 
Mount Formosa 
Pulo Pisang . 
Tanjong Boulus 
Singapore, Town 
Point Romania 
Tringany River, entr.| 


lo 21 
21 55 
21 25 


-/16 32 


e 
° 
. 
. 
e 
. 
e . 
. 
. 
n 


20 64 


oocouncecocoo 


Soeoeceoooocooesso 


0|100 21 30 


O}LOL 17 


0 


O}10L 25 30 


0j}101 51 
0}102 15 
0}102 41 
0/102 55 
0}103 14 
0}103 31 
22/103 51 
30/104 17 
O}103 4 


0 


0 
0 
0 
0 
0 
0 
0 
0 


Lat. N.| Lon. E.| (48) 


Canton, Factory 


+ 


Places. 


° 


S1aM River, entr. 
Baindkoks. uy. Mg ley. . 
Ko-si-chang Harbour} $3 
Cambodia R., W. end} 9 
— mid. entr. abt.. 
Cape St. James 
Saigon, City 
Britto’s Bank, centre.|10 
Point: ¢e-ga Gros 4 
Pulo Ceicer de Terre .|11 
Cape Padaran . 
False Cape Varella 
Camraigne Hr., entr.}11 
Water Islands, S.end|12 
Pyramid Island . .{12 
Three Kings . (12 
Cape Varella . lke 
Pulo Cambir . 
Cape San-ho ,. 
Buffalo Island . 
Pulo Canton . 
Cape Turon. . 
Cape Choumay 
Hue-fo River, entr. . 
Tiger’s Island. . 
Now-chow . . « 
Tien-pak, 
— Ty-foong-Kyoh 
Ty-chook-chou . 
Song-yue Point . 
Hai-ling-shan, 
— Mamu-chou. . 
Ty-oa Point .. 

, Ty-wok jo Fe ~ter pe 

§ Mandarine’s Cap . 


‘3 Mong-chow  . 
© Haw-cheun or 


False St. John, 

— S. W. entrance. 
Wy-caup Island . 
Lieu-chew . . . 
Wizard Rocks. . 
Ty-kan Island. . 
Cou-cock I., S.W. Pt./21 


; 21 
3 26 


U 


58 
12 
35 
59 
16 
50 
30 
4l 
13 
21 
44 
49 
2 
21 
38 


55 


3 33 


44 
11] 
23 
5 


10 
58 


Lat. N. | Lon. E. 


it OO ag 


[13 29 40/101 15 


30/100 34 
0} 100 55 
-0)106 20 
0/106 30 
A4l|107 4 
01106 43 
42)107 
30/108 

0) 108 « 
0) 109 
0/109 
0/109 

0) 109 
0)109 2% 
0/109 : 
O}109 2 
01109 

0) 109 
0/109 
0/109 

0) 108 
0/107 

0| 107 
0/107 

0) 110 


22 30/111 


26 
31 


34 
43 
39 
28 
39 


35 
34 
36 
47 
52 
50 


O}1LE 
OLLI 


O}111 
0/112 

0} 112 
0}112 2 
0} 112 29 


0}112 
0/112 
0/112 
0) 113 
0) 113 
0) 113 


Tyloo, S.end . . 
Typa, Roads .. 
MACAO, Town. . 


. 21 
. 22 
-| 22 


52 30/113 
8 0/113 32 
10 30) 113 32 


(23 7 10/113 14 


XVI. Islands, Rocks, and Shoals, in 
the INDIAN OCEAN. 


Telemaque Rock? 

Fortune Shoal? . 
Augusta Shoal? .. 
Otter’s Shoal?. . 
Barker’s Rock? . 
Dutch Bank? . -; 


Prince Edward’s Isles 


eae 


— Northend . 


(49) Places. 


Oo 4 
— Southend... 37 46 
Crozet’s or Desert Is , 

oo er ee 48 0 
Necklegal?. . . 54 0 
Kerguelan or 
Desolation Island, 

— Christmas Hr... 69 2 


. Vur. 20° 20' W. 
— Cape Digby . 
— CapeGeorge . 


— Port Paliser 69 35 
St. Paul's Island . 77 52 
Amsterdam Island 0 77 52 
Cloates Island? . . 0j112 30 
Tryal Rocks? . . 01110 0 
Christmas Island . 0/105 33 
Cocos or Keelings Is, 
— Northernmost . 97 4 
True Briton’s Island 2 9 89 14 
Cape St. Mary .. 45 1 
Var. 219 0’ W. 
Star Reefs, S. end _ .|2: 44 12 
Leven leland . . 44 12 
Barracouta Island. ,|: 44 2 
St. Augustine’s Bay, 
— Sandy Island . . 43 33 
-- Tent Rock. .. 43 40 
Cape St. Vincent . 43 15 
& Mourondava Ae ths. 44 14 
> Cape St. Andrew. . A4 25 
§, Boyanna Bay, N. ent,jL5 45 18 
= Bembatooka Bay, 
le Majunga Point 15 42 64| 46 15 
,__Makumba Island . .|15 42 O! 45 52 
S' Var. 12° 0' W. 
= Majambo Bay, entr, .J15 11 42] 46 54 
S& Nareenda Bay, entr. .|14 40 18) 47 21 
w Luza River, entr.. .|14 36 54| 47 37 
© Sancasse Island,N.Pt.|14 30 42| 47 30 
Me. Cluer Point . .j14 15 0} 47 44 
Passandava Bay, 
— Nine Pin Island .j13 28 12) 48 9 
Var. 12° 30’ W. 
Dalrymple Bay, entr. 13 3u  0| 47 56 
Nos Beh I., N. Pt. .J13 12 12) 48 13 
Minow Island, N. Pt.|12 49 30] 45 33 
Cape St. Sebastian .j12 26 12) 48 40 
Woody Island. . .|12 16 42) 48 36 
| Port Liverpool, N. Pt.|12 3 18) 49 6 


Cape Amber, N.E.Pt./11 
Diego Suarez Bay,ent.|12 10 
Var. 11° 0° W. { 
British Sound, entr, ./12 13 48] 49 18 
Cape Lowry . . .|12 35 0 

Port Looké, E, Point |12 44 12) 49 41 
Port Leven, 

— Nosh HowIsland |12 47 48} 49 48 
Andrava Bay, 8.E. Pt.|12 56 48) 49 51 
Manambatoo . e 
Vohemar Point . 
Cape Fast, Town. . 


15 14 24) 50 25 


TABLE LVI. 
LATITUDES ann LONGITUDES. 


Lon. E. | (50) Places. 


r] CQ dane Eger wT 
0|} Antongil Bay, 
— Durnford Noss .j16 0 €150 6 12 
0| — Port Choiseul. .'15 27 18149 47 0 
Olnx3 — Mananhar . . 16 9 30119 41 0 
= — Cape Bellones. .|16 14 0/49 48748 
—Tantang. . . . ./16 42 30H9 41 6 
15||§ Point Larree . . ./16 50 18}19 46 48 
3 St. Mary’sI., N. Pt. .16 40 30/19 59 36 
0||— South Point . ./17 7 18/49 45 42 
15/3 — Isle Madame . .117 0 0/49 48 48 


OS Var. 15° 0! WW. 
0|| Fenerive, Town . .|17 23 
0||= Foule Point . . .17 40 24119 32 0 
0 3 Var. 16° 0’ W. | 
0} Plumb Island . 
0|| = Tamatave Point 
Fong Isles . . 
0\||3 Vatoo Madré . 
0)" Manooroo .. 
Fanantara . . 
42|| Rangazarak. . 
Footak 2% oi,.2's 
36|| Manambatoo . Z 
48|| Loodatoo'.... 2. ««. 234 36 
St. Luce Bay, N. 
Point Ytapere. . .24 59 
Fort Dauphin. . A258 
Var. 21° 0 W. 


e e e e e * @« e e 
— Le s - om + cane 

— 

=) 

oor 

or 


Europa Island or 
4s||\¥ Bassas da India . .22 22 
12)| § Bassas da India or 

\|.3 Europa Rocks, E. Pt.21 29 
12:\\~ Vur. 22° 0’ W. 
24'| = Barren Islands, 

hs North Island . . 18 
12)| = — South Island 
18\|& Coffin Island . . 17 29 
54|\= Juande Nova. . 
0|| Chesterfield Bank . 
0| 


| Mayotta, Peak . 
— North Point . 
2 Johanna, Town . 
30'|5 — Highest peak . 
30|% Mohilla, N. Point 
48||s Vur. 12° 30’ W. 
36||§ — East Point. . ./12 
0|| 5 Comoro, N,. E. Point |11 
12,|~ — South East Point ./11 
48|| — South West Point |11 


48 


(12 


Glorioso Islands . 11 
18'| Aldabra Island, E. Pt.| 9 
361 — N.W. Point . .| 9 
Assumptionl.,S.E, Pt.| 9 
Var. 13° 42’ W. 
Cosmoledo Group, 


18) — NorthIsland . .| 9 
12} — Menailsland . J 9 

o!! — Wizard Island. .| 9 
12|| Astove Island . . ./10 


TABLE LVI. 
LATITUDES ann LONGITUDES. 


(51) Places Lon. E. |} (52) Places. | Lat. S. 
ee RO) ee 
Rodrigue Island 
Var.13° 0 W. 
— North Island . . 42151 7 48 Mauritius or 
Var. 8° 30' W. | Isle of France, 
— WesternIsland . 42/50 56 36 — Round Island /k9 50 30/57 
— Southern Island . 12/51 048! — Port Louis. . 20 9 56/57 
Mac Leod’s Bank, Var, 14° 20’ W. 
— Northend.. . 0150 21 30 — Cape Brabant’. .20 27 
— Southend ... 050 19 O — Bourbon or Grand) 
St. Pierre 1. E. Pt. 42/50 50.48/ Port... . . 20 22 
Providence Island 9 14 0/51 5 30' Bourbon Island, 
Providence Resf,5 end 3 18/50 58 40) — St. Dennis. . .20 52 30)55 


mo 
oO 
oO 
[ie 2 
vr 
= 
~) 
ee 
=—- 


Wizard Breakers . — St. Paul. . . 20 59 50/55 


1 
Farquhar’s Islands or 
Juan de Nova, 


St. Francis...‘ 7 9 42152 41 36 Speakers Pank,S.end 5 0 
Bijoutier . . . | 7 3 36(52 42 54|| Sandy Isles . . | 5 17 
Alphonse .. | 7 0 30/52 42 36) Solomon Isles. . 5 23 
s Var. 7° 54! W. £ $ Peros Banhos Islands, 
SBoudeuse . . . .| 6 10 54/52 51 0) S—N. E end 5 16 O|71 57 0 
= De Neuf. . . 6 .| 6 14 0/53 9 12) & Eaglelslands, Northm, 611 O71 29 O 
3 Marie Louise . . .| 6 9 0/53 12 42) = Three Brothers . .6 9 0;71 39 0 
ROI. 5 4. ot Val’ O 6 AWS oS” Le = Danger Island .* « -e|)6 SE Of) 230 
‘3Poivre . . . . | 5 41 0/53 17 42) “Six Islands. . . .| 6 37 0/71 31 0 
= Des Roches, E. Pt. | 5 40 0/53 39 0,  Pitt’s Bank, S.W. end 7 27 O71 21 O 
St. Joseph, E. Pt. .| 5 27 30/53 32 24 s Centurion’s Bank. .| 7 40 0/70 52 0 
Darog. .'. Se aS 24 S608 2a 24 S Ganges Bank .° <1 7 26°00 50° © 
Eagle. . 26 6 | 5 7 12/93 23 30 Chagos or Diego Gar- 


cla Island, S. end .| 7 29 0/72 27 


0 
African Is., N. Id. .| 4 53 30/53 28 18 Owen’s Bank . . .| 6 46 30:70 17 0 
— South Island . J 4 55 12/53 28 0 North 
| Bale of Cotton Rock?| 5 18 0/88 20 0 
Mahe, Town , . .| 4 37 30/55 25 0 — i 
Var. 7° W. Pona Molulique, South 
— 8. Point. . . .| 4 48 42/55 31 0 — South Side . . . 041 0173 20 O 
St. Ann’s, S. W. Pt. | 4 36 0/55 28 18 —N E. Side. .‘.| 0 33 0173 25 O 
2 Silhouette, N. Pt. .[ 4 27 0/55 11 30 — Addon Island . .| 0 21 0/73 35 0O 
= North, N. Pt... .| 4 22 18155 12 48 North 
2 La Digue, peak . .| 4 21 12/55 50 0 Suadiva Atoll, S.Side] 0 9 0173 15 Oo 
Mary ot Soar ce 4 19 24155 55 30 —N E. Side. . 059 O73 34 O 
= Praslin, W. Pt. . .| 4 17 24/55 39 0 Adoumates Atoll, 
SCurieuse . . . .| 4.16 12155 42 12/|% — South Side. . .| 149 0173 33 0 
> Aride o 0 ce o” of © 12 30/55 38 30} § — N,. E. Side .) . | 2.9 O78 46 70 
“Reciffe . . . . .| 4 34 48/55 45 01/3 — N. W. Side 2 7 07335 0 
Frigate . 2. 6 « .| 4 35 12/55 56 0}! ~ Collomandour Atoll: 
Dennis . . . « .| 3 48 12/55 38 12/|.8 — South Side. . || 213 0173 21 0 
Bird . + « © 6] 8 42 42155 10 30/938 — N.W. Side. . | 230 O73 8 0 
=— Long Island . | 221 0173 8 O 
Frenchor Swan’sShoal| 4 0 0/54 32 0 Male Atoll, 
Dupont’s Shoal . .| 4 15 30/64 23 0|| — MaldivaorKing’sl.| 4 10 0/73 42 0 
| Platte Island . . .| & 51 36/55 23 18 Gafor Atoll, N. Side .| 4 50 0/73 33 0 
Coetivy Island . .| 7 9 0/56 13 30 Cardivalsland. . .| 4 56 0173 34 0O 
Fortune’s Bank . ..7 7 0|56 57 O Todu Island . ,. .| 436 0173 13 O 
Agalega Is., N. end .}10 24 0)56 27 30)! ‘Tilla dou Matis, or 
Saya de Malha Bank, Head of the Isles, .| 7 6 0173 7 0 
— North end, about .| 8 35 0/59 58 O}] = 
Tromelin or Sandy [. 15 53 12/54 31 18]| 3 Minicoy or Maling I.| 8 17 ol73 19 0 
Cargados Garayos Bk. = Kalpeni, center . 10 7 0/73 55 0 
— Albatross Island .|16 11 1859 40 6]™Underoot . . . .110 48 0173 57 0 
— North Island . ./16 21 54/59 43 18]| 8 Elicalpeni Bank . ./11 15 30/74 17 0 
— Establishment. ./16 25 12/59 41 30)! SSeuhate-par, S.Id.. 10 0 0/72 35 @ 
— Pearl Island . l16 31 30/59 34 121) 8 Courutte Island . .10 34 0172 57 O 
— Cocoalsland . .|16 47 24/59 35 Gl] SPittie . . .-.- 410 48° 0\7248 0 


TABLE I.VI 
LATITUDES ann LONGITUDES. 


(53) Places. B.|| (54) Places. Lat. N.| Lon. FE, 
aa WS eS TOE oO ‘ “| o RET 
Cardamum . . Pulo Way, E. Point .| 5 46 0, 95 27 0 
mete. Ss ks — West end: ¥ 5 48 0 95 18 0 
@Chittae ~ o" es Pulo Nancy, E, Pint 5 40 0,95 17 0 
3 Aucutta, center . Cocos Isles. . . 3 6 0 95 32 0 
Siingaroy.. 4S. 5 0| .Hog L, N.W. Point | 250 0 95 50 0 
‘= Peremul-par . . 11 9 0/72 26 0/— Southend . . | 221 0 9618 0 
3 3S Betra-par . . . JIL 35 © 0/72 31 0) 3 Western Banjack, | 
8 Cherbaniani Bank, is — South Point . .|2 0 0 96 54 0 
4) — Breakers on the W. <= Passage Island. . .| 222 0 97 24 0 
extr. . . . . .(12 22 0/72 7 0) S Pc! Nias, N.W. Pt.) 1 36 0 96 55 0 
% — South East Point .| 0 38 0 97 42 0 
Coromso. . . s | 657 0179 57 0's Pulo Lacotta . . .| 1 44 0| 98 0 0 
Adam’s Peak . . .| 6 52 30/80 34 30). Claps Island . . | 0 4 0 97 36 O 
Point de Galle, Flagst.| 6 1 0/80 18 0 Sp Heit nae: ee A et 
Matura ss) .- 5 58 0/80 38 0)|& Pulo Mintao, N, en i 
Dondra Head . . .| 5 56 0/80 41 0 = —Southend . . «9041 0 9810 O 
Great Basses . . | 6 LL Ols1 36 0)| _ Se Booro, N. Point .| 9 56 0 98 30 @: 
_Little Basses . . .| 6 24 30/81 49 OS ze se eae pe i : Hf: , pte be ; 
3 i '§Se EN, oe 
3 ae et é : ae ola te ate _ Point Martbolback 225 0 99 56 0 
“Friar’s Hood . . .| 7 25 O|81 42 07 3 North Poggy,N. Point 232 0100 0 0 
§ Venloo’s Bay . . «| 7 57 Oj81 41 0 = — South West Point | 2 52 0: 99 57 0 
SFoul Point,. . « 18 30 0j81 26 153 South Pogey, N. Pt. | 2 50 0100 14 0 
TGR wed ALE — South Point - « 2 20 0100 34 0 
: — Flagstaff - « | 8 33 30/81 21 0 Trieste Island. . .| 4 3 0101 22 0 
Var. 1° 9 W. | Engano I., N. Point .| 5 15 0102 25 0 
Pigeon Island . . .| 8 41 0/81 20 0O| — South Point *.+. 5 30 50 102 29 15 
Molewal House . 9 13 080 56 30!/| —S.E. Point. . .| 5 30 15 102 38 15 
Palmeira Point . 9 48 50/80 23 0} a beh air ieee iat 
Point Pedro .. 9 49 35|80 20 0 at FGint <a) fase 
7 ae Little Fortune Island 5 56 0104 32 0 
PreparisI.,S.end .j14 49 0/93 40 0, Bencoonat . . . .| 9 35 0104 17 0 
Great Coco, center |14 5 0/93 26 30) Crooe . . . « J 5 15 0104 2 0 
Little Coco, center .|13 58 30/93 18 0! ae Pisanige’.. 7 sis 2 rn be fe ie 
- Great Andaman, RWOOF 27-9 tie es 
ates Pica, N.E. Pt.J13 34 0/93 9 0 Manna Point . . .| 4 33 0103 8 0 
3 —PortCornwallis,ent.{13 18 3s 1] 0 Mtearkt Point. . .| 3 58 SiN 29 0| 
<—Southend . . .J11 30 9692 56 0 ENCOOLEN, 
§ North Centinel, center{11 33 0/92 24 0 |: — Fort Marlborough | 3 48 0102 28 0 
§ Little Centinel . .JI11 O 6192 21 018 s ree Peay : * 3 a par re a 
= Sisters oe . fll 160 O}92 58 ndrapour Point . . 
= = Little Andaman, S.end|10 26 0192 40 0|=Pulo Marra. . . .| 112 0100 10 0 
Flat Rock . . . {il 8 0/93 40 O}W tS plane Head? .f... : ee ya 2 Q 
é ‘ 35 FIGNjSH 2S te 85 ote 
Barren Island . . . 12 17 0/93 54 Os i _ a doth oeeeeeen 
Narcondam. . . .j13 24 0/94 12 O 3 vassang £01 a North | 
.Car-Nicobar . . .| 910 0\92 56 0 = Mount Ophir . . .|0 458100 0 15; 
= Batty Malve .. 8 46 30193 2 0||SAyerBongy . . .| 0 11 42 99 21 15 
= Chowry goed | 8 28 30193 12 0) & Natal. os - | 0 33 26 99 1 45 
= Terressa, S. Point .| 8 13 0/93 20 0) = Tappanooly Bay - «| 140 0 98 55 0 
& Katchall, W. Point 7 54 0193 29 O|| Var. 1° 18’ E. 3 | 
= Noncowry Harbour .| 8 0 0/93 41 0 cota River . . . - ze : a is a 
3Meroe . . 7 29 0/93 46 0 satan yan yah WE 
< Great Nicobar, S.end| 6 45 0194 0 0 panes ran am : : or - a4 , 
oe ) LES DPM: SED ape Felix. . « . 
XVII. Islands, Rocks, and Shoals, between|| Analaboo ... .|4 8 32 96 0 0 
the INDIAN and PACIFIC OCEANS, Acheen Head . . .| 5 36 0 95 21 OF 
from Sumatra to New Guinea. AcHEEN . . . « «| 5 35 O 95 26 0 
| Golden Mountain, .| 5 27 0, 95 49 0 
Pulo Rondo. . . | 6 4 30|95 14 0} Pedir, Village. . .| 5 22 30 96 15 0 
Fulo Brasse, N. Point] 5 46 0/95 6 0}| Pedir Point - | 5 29 0 9610 0 
— East Point. . .. 5 42 0/95 13 0|| Toolo Samwer Point | 5 13. 0 97 14 0 


ee 


316 | TABLE LVI. 
LATITUDES ano LONGITUDES. 


(55) Places. Lat.N. | Lon. E, 5 (56) Places. 


™ e oe 
Diamond Point . .| & 17 Pulo Toty . . 
Prauhilah Point . .| 4 53 5 The Seven Islands 
Quala Bubon . . . Frederick Henry Rock 
Delhi River .. . Banka Island, 
Battoo Barra River . — Monopin Hill e 
Assarhan River . . — Point Lallayy . 
r Reccan River, — Entrance Point . 
= — Pulo Lalang Besar — Brekat Point . 
3 Pulo Roupat, N. Pt. — Tanjong Riah. . 
S$ Pulo Bucalisse, — Tanjong Muncoodz 
om Tanjong Jatta. . — Goonong Marass, 
‘SSiak River, entr.. . Peaes © ivivets bess 
3 Campou River, entr. — Tanjong Goonting 
3 Tanjong Barroo . . Lucepara Island . . 
2 outh : Fairlee Rock «. 
> 5 Tanjong Bassoo . .| 0 20 0/103 Pulo Leat, center. « 
3 Tanjong Bon . 0 59 30)104 Alceste Rock . . 
© P. Varela or Barallah| 0 50 0/104 Discovery Rock . 
Batacarang Point. .| 2 0 “O|104 £ Gaspar Island. . 
Third Point . . 2 23 0/105 Canning’s Rock . 
Second Point . . .| 2 41 0/105 Vansittart’s Shoal, 
First Point. . 2 | 3 0 01105 — Southend . . 


eooeoceso S60 


oocs 
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Lucepara Point 3.15 Oj106 Billiton I., S. E. Pt. 
Hog Point. . 5 54 0/105 — S. W. Point 
hemes — N. E. Point 
North West Island 
Pulo Bouton Dome .! 6 33 0} 99 Shoe Island 
Pulo Pera . . . .| 5 42 O} 99 Discovery’ s W. Bank 
Pulo Pinang or Discovery’s Reef. . 
Pr. of Wales’ Is!aud, Discovery’s E, Bank 
— Fort Cornwallis .| 5 25 0:100 Fox's Bank; <%. 4. 
Pulo Dinding . . 16 0/100 Osterly’s Shoal. 
Sambelang Is., S. end O|L00 Scharvogel’s Is.,S.end 
Pulo Jarra oth ited 0/100 Cirencester’s Bank 
= Pulo Varela 2. *<-’. 0} 99 Cirencester’s Shoal 
2 Brothers, Montarin Islands, 
= — Pulo Pandan . 0| 99 — Toekoekemou I. 
= Round Arroa . . 0|100 — East Island. . 
>Long Arroa . 2 30|100 Ontario’s Reef. 
= = North Bank,N.W. end 0|100 Souroutou, W. end 
5 23 Fathoms Bank . 0101 Caremata, Peak . 
® Little Carimon, N.end 30/103 —N.W.end. . 
os Tree Island ... 30/103 Greig’s Shoal, mid. 
$ BarnIsland ... 0|103 ‘t 
= Aligator I., N. end 30/103 
& St. John’s I., S. Pt. 0|103 
q Bintang Hill ° O|104 % 
‘>Pedro Branco. . 0|104 
73 Pulo Panjang, W. Pt. 2 0|104 
= RaggedIsland. . .| 0 56 30/104 ~ St. Julian’s Island 
&Geldria’s Shoal . .| 0 48 0/104 & Tumbelan Is., E. end 
Strait of Dryon, = Europe’s Shoal. 
— Red Island . .{ 0 50 50/103 \ Victory’s Island . 
Var. 1° 56’ E. = S Acasta Rock . . 
— South Brother. . SPuloTingy. .. 
2 Pulo Aor. '". 
Calantiga Island . .| 0 29 0j104 = Pulo Pisang . . 
Pulo Varella or = Pulo Timoan, N. Pt. 
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St. Barbe ... . 

Direction Island . 

Pulo Dattoo . . 

St. Esprit Is., E. end 
2 Welstead’s Rock . 
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Barallah. . . 0 50 oftos = — South Point 
Lingen Island, E. Pt] 0 18 0) 105 Pulo Varella . 
Ilchester’s Shoal . 0 28 01105 Pulo Domar , 
_ Palo » Taya x | 0 45 30/104 White Rock . 
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TABLE LVI. 
LATITUDES ann LONGITUDES. 


| Lat. N.| Lon, E. || (58) Places. 


(57) ‘Places. 
o Kes! e ‘ 
Saddle Island . . 227 0 105 44 
South Anambas, | 
— Southern Island .| 2 18 0/106 12 
Middle Anambas, 
. — West Island , 3.9 0105 37 
Nortn Anambas, 
s—N.E,end . . 3 27 0/106 15 
= Low or Separate I. .| 3 1 0207 48 
= North Haycock Island} 3 19 0107 34 
= Peaked Island. . .| 3 54 0107 53 
ON. W. Island . . | 4 7 0/107 52 
~ Pyramidal Rock . .| 4 8 0/107 27 
SSaddle Island . . .| 4 31 0/107 44 
= North Natunas,N.end| 4 49 0108 2 
§ Great Natunas, 
3— East Point. . 3 58 0108 26 
=— North Point . .| 413 0,108 I4 
South Natunas, 
— FlatIsland. . | 3 8 0108 54 
— West Island . .| 240 0108 40 
— East Island. . .| 2 40 0,109 26 
— South or High I. .| 2 26 0109 12 
South Haycock “Island 213 0,108 57 
St. Pierre . . . .| 156 0108 53 
South | 
Prince’s Island, Peak! 6 35 0/105 15 
Crocatoa, Peak . .| 6 8 30105 25 
Pulo Besse. . ...| 5 57 0,105 28 
Thwart the Way, | 
=—N.E. Point. . .| 5 55 30105 51 
= North Island . . .|.5 41 0105 49 
AThree Sisters . . .| 5 44 0105 48 
PUUREON. so ue |e of-5.53 0105.55 
Lm. » « | 5 59 40105 55 
= Pulo Baby, W.end .| 5 48 0106 14 
ASouth Watcher . .| 5 41 30106 43 
North Watcher . .| 5 12 30106 32 
Armuyden Bank . .| 5 13 30106 48 
Brothers, N.end . .| 5 9 30106 5 
Brouwers Shoals . .| 5 5 0,106 15 
Bumkin Island . .| 5 47 0 108 23 
Pulo Rackit . . «| 5 56 01038 22 
~ Carimon Java Islands, 
Bee OOK ve whe - 5 50 O110 34 
z Lubec Island, raid. | 5 49 O112 48 
= Arrogant Shoal .. .|.5 12 O113.0 
Groat Solombo, Hill .|| 5 33 0114 28 
Little Solombo . . 5 21 O1i4 28 
Arentes Island . .|5 10 0114 36 
Juva Head . .. +... «|.6 48 0105 ll 
_First Point. . . .| 6 44 0105 10 
5 Mew I., E. Point .| 6 43 0105 17 
SSecond Point . . .| 6 36 0105 24 
‘Third Point .. .. .| 6 27 0105 39 
= Anger, Town .. . 6 3 30105 55 
= Bantam, or | 
~5t. Nicholas Point | 5 52 0106 2 
z Bantam, Lown.) ¢- «002-10 206. 9 
= Batavia, Obs... 6 9 0106 51 
Edam Island . . .| 5 37 0106 53 
} Carawang.Point . .{/6 ,1. 0107 . 3 


a" 


0| Sedary Point . . 
Pamanoekan Point . 

0} ,Indramay Point . 

= Cheribon, Town . 

0}S— Mount ... 


nt 
‘> Taggal . 


o— “Mount Site te 
0 & Sam: RN as 
ME 3 Mand; Hlique Island . 
os Ee Rembang . . . 
> Lassem, "Hill oF 
olf Lerang Point. . 
0} Panka Point . . 
0) Sourabaya . .. - 
| Cape Sedano, E. Pt. . 
O° Utrich; Fort 4 *. . 
0 | Balambouang Bay 4 


~ South East Point . ; 
0 5 = 5 Nusa Baron Island 
0: 5 Segara Wedi Bay 
0! ‘= Putchican Bay 
0! £ Nusa Cambangan I., 
0< SB — South West Point 
0} = Chilantaran Point 

= Wine Cooper’s Point 
0, a Palambang Point. . 
Madura Talanae 
| — N. W. Point °* 
=k. fuesOmnt: fs 
Pondy Island . . 


Four Brothers . 
Urk Island . . 
Kangelang Island, 
— Northend. . 
— Southend... . 
Antelope’s Is., mid. . 
i Hasting’s Island . 
|= Bally Island, Peak . 
iS — S. or Table Point. 
| @ Var. lo 12' E. 

aM, be Ine. 4° 


e ° e ° 


ocooeosooscesesce 


5 * Lombock Island, 
|3— Isles off N. W. Pt. 
ty FeOGRITS » 36> cuss 
& — Bally, Town . 
EP — Peejou Village 
gj Suinbaya Island, 
— Alass. .... . 
— Isles off N. W. Pt. 
— Sumbawa, Town . 
— Tumbcra Mount 
— Rocky Point . 
— Rugged Point. 
— Sapy, Town . 
Gooning Apée, Peak 
Comodo I., N. E. Pt. 
Flores L., S. W. Pt. 
— Iron Cape,N.E.Pt. 
Flores Strait, S. entr. 
Solor Island, Fort. 


oo oe ° 


eoceooccoo 


bin 
i _S 


YNAQVOSHO 


IE 5, Bally Strait, N. ent. . 
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TABLE LVI. 


(59) Places. | Lat.S. | Lon. E, 

Se hase ore oe 
Pulo Comba .. .| 7 49 O/123 41 0 
Lomblen I., Peak. .{| 8 12 O/123 52 0 
— East Point. . .|8 14 0/124 0 0 
Pulo Pantar, N.E. Pt. 8 10 O}124 25 0O 
PuloOmbaye,N.W.Pt 8 9 0/124 27 0 
— East Point. .° ..8 17 0/125 15 0 
Sandalwood [., W. Pt.| 9 42 O1119 1 45 
— South Point . .{10 22 0/120 20 0}! 
— East Point. . 10 O 0Oj}120 45. Of 
— Baring’s Bay . .| 9 37 0/120 16 0 
— North West Point! 9 18 0/119 13 0 
Savu Island, mid.. .|10 37 0/122 0 0 
New Island. . . .j10 46 0O}121 18 0O 
Rottee 1., S.W. Pointill 2 O}122 55 Of]! 
— Booca Bay s j10 56 0}123 10 0 
Cartier’s Island . .|12 29 0|123 56 0 
Heywood’s N. Reef .|12 48 O}1241 25 0 
— South Reef. . .13 29 O/124 5 O 
Hibernia Shoal . .jLl 56 0/123 28 0O 

u Ashmore’s Shoal, 

S— North East end .j12 11 0/122 58 30 

© Scott’s Reef,N.W.end|13 52 30/121 59 0 

2 Rowley’s Shoals, 

¢ — Imperieuse, E. end|17 35 0/118 51 0 

&— Clerke’s, S.end .117 28 0/119 18 0 

2— Mermaid’s . . .|17 12 O}119 35 0O 

x Ritchie’s Reef. . .|20 17 40/114 46 6 

= Timor I., 8. W. Point/l0 23 0/123 30 0 

1S — Copang, Fort . {10 8 30/123 35 0), 

3 Var. 0° 37' E. 

a North West Point| 9 24 0/123 55 0 
— Batagoda . . .| 8 57 30)/124 55 0} 
— Delli Doe wt eles time thi awe Ter 
— East Point. . .| 8 31 0/127 19 0O 
Pulo Jackee .. 8 32 0/127 32 0 
Pulo Battoo. ..%. 916 O1124 5 0} 
Pulo Cambing, N. Pt. § 21 O}125 3 ~ O} 
Pulo Babye, S. Pt. .| 8 20 o0l125 45 0}, 
Dog Island. . 7 41 O126 3 OF 
Wetter I., N. E. Point 7 26 0/126 34 O}} 
Kisse Island, W. Bay|8 114 01127 8 Of} 
Roma, I, Madap volt SH wOULST 25. OF 
Pulo Damma. Bay .|7 4 O|128 47 0 
Serwatty Islands, | 
— Lettee 1, Bay . .|8 '8 0/127 49 0 
_ erainata., S.E. Pt.| 8 25 0]129 35. 0 
Cerowa, S. E,Pt.. .| 6 23 01130 41 0 
Babber I., Tepa . .| 752 Oj129 58 0 
Timor Laut, 8. Point] 8 17 0|131 7 06 
Arroe Is., S. end . 7 6 O34 20 O 
. Banda Islands - « 431 O130 0 0 

STurtle Is., E.en¢. .| 5 25 0127 38 0 

~ Lucepara Islands . J 5 40 0j127 21 0 

= Goonong Apy or 

= Burni ing Island . 6 35 0126 40 0O 
Bouro 1., N.W. Point! 3 6 0/125 57 0 
_ Seana E.Pt.| 3.15 O}f27 5 O 
— Fort. . “4 $.24. OU27A ALLO 
‘A mbiecTaiand.: ait 5.62. 0\'a7 4 
Pulo Manipa, mid. . 3 17 0/127 28 0 
Bonoa Island . . | 3 0|127 56 O 


LATITUDES ann LONGITUDES. 


(60) Placee. 


Amboyna Island, 
— Fort Victoria . .| 3 
Noesa Laut. . . 3 40 Of128 
Ceram [., S.W. Point 3 31 0/127 
— Sawa Bay et 2 51 Oj129 
— Flat Point . . .| 2 53 0129 
— Waroo Bay. . ,.| 3 25 0/130 
Kessing I., E. Point .| 3 50 O}131 
Ceram ant: K,end | 3 55 Oj131 
Goram Island . . .| 4 0O Oj131 
Mattabella Isiands .) 4 21 0/132 
Leeuwaarden Island .| 3 20 0}130 
I eeuwaarder. Shoal .| 2 56 Oj130 
Xulla Islands, 
— Albion Island . 1 40 0}124 
— Skelton’s Island .| 1 40 0/124 
— Xulla Talaybo, 
5.W. end... -| 155 O24 
— Xulla Mangola, 
S. Exend..0% 0.’ .!.1 460.06 
— Lissamatula, | 
S. Ev Point. t.’,. |: 1746) Mba 
— Xulla Bessey, 
N.W. Point. ...| 1 58 Oj}125 
South East Point .| 2 28 0/125 
'S$Gomona Island . .! 1 56 0/127 
SOby Major, W. end .!.1 32 0/127 
= Lookisong, S.end. .| 1 45 0/128 
& Pulo Gasses, S. Point] 1 41 0/128 
sKekik Island . . .{ 1 33 0j128 
& Pulo Pisang . . .| 1 23 0/128 
| Boo Telands , bude  afal 22egmenee 
Grand Kanary. . 1 44 0}129 
Mysole, W. end . 1 54 0/129 
Pulo Popa, S.E. Point; 1 12 0/129 
PuloBattanta,C.Mabo| 0 56 0j|130 
Salawatty 1., W.end| 1 2 0/130 
Pigeon inland X 0 37 «6130 
Augusta Island. 0 36 0/130 
K, ii illiam’s 1., W. ead 0 28 O}130 
Amsterdam I. ; 0 19 30}132 
Waygeou 1., 8. W. Ft. 016 O130 
— Point Pigot » wel OL 218° OSE 
— Foul island L tend 0 Adm Obes 
— Offak, Harbour .| 0 0. 0/130 
Gagy Island . . .| 0 25 Oj130 
North 
Geby, 1, N.W. Point! 0 4 0/129 
Syang Island . . .| 0 22 0j129 
Fye Island. . . .| 0 24 Oj129 
Ormsbee’s Shoal . 0 42 130 
Youl or Aiou Islands, 
— Aiou Baba . . .| 0 25 0/131 
— N.W. Island . .| 0 38 O}131 
— N.end of Shoal .| 0 41 0/131 
— N.E. Island . .| 0 36 O/|131 
Asia’sls.,S.end. .| 1 O O}131 
South 
GilloloI., Si.end. .| 0 48 0|128 
— Point Se ialie o » of O LieoO bez 
; North 
— North Point . .|.2 23 0f127 
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TABLE LVI. 
LATITUDES ann LONGITUDES. 


(61) Places. Lat. N.| Lon. E. }} (62)  FPiaces. 
Peet a + |e os da) oO fe 
0}128 22 
01128 
0}128 
0)129 
0}129 
0|129 
0}128 


~ 


Gillolo I, Ossa . 
2 UE 0 
Canton’s Shoal. . 
Catharine’s Islands 
AuroraShoal . , 
Ardasier’s Rock . 
Morty Island, N. end 
>— Southend . . 
= Ternate Island, Road 


Token Besseys Is., 
— Wangiwange, 
North end . . 
— Pirocko, S.end . 
St. Matthew’s Is. mid 
Velthoen’s Island. 
Angelica Shoal. 
0|128 Rusa Linguete . 
0|127 Rusa Raji . . - 


——h— 


w 
o 


=Tidorel, N. E. end 0)127 Bangalore Shoal 
— Bonth end 0|127 Kalatoa Island. 
= Kayo Island, N. end. 0|127 2: S. E. Schiedam 
= The Wolf ae 0 127 ' N. W. Schiedam 
= Salayer I., S. Point 
Amsterdam Island 0 20 30/127 5 | — North Point 
Batchian Island, South Island . 
—Heneker Point. . 0 48 0/128 | Middle Island . 
— Fort Barnevelt - | North Island . 
Mansfield Skoal 
’ Tyfore Island . )$The Brill, S. end 
MeyolIsland ... : ¥Tanataki Island 
Meangis Islands . y =Tonyn Is., S. W. end 
Salibaboo Islands, ‘s = De Laars or Boot, 
— Karkalang, N. Pt. = — South East end 
moutn Point. . . Cera Island. . 
— Kabroang, S. end. 3 Hen and Chickens 
Northumberland Sh. . ; 3 Amsterdam Island 
Sangir I,, N, Point 
— River: 2 tag 4 01S S Middleburg taland 
— South East Point ; 0| Sibbald’s Bank P 
Siao Island. .. y a Noesa Comba. . 
Tagolanda Island eas j Noesa Seros ° 
Bejaren Island. 25 | Little Pulo Laut Is., 
Banka Island . | — Southend. . 
Moresses ... 
Monado, Fort . . J 1: | Dwalder. . . 
Cape Coffin. . . . 7 25 ey Royal George Shoal . 
Mmemar~. 2°, 2: Two Brothers . . .! ¢ 
Goonoong Tella River ; 2: Waller’s Shoal, S. end! 
Laurel Shoal . ‘ 
¥ Cape TRISDOL, <> ors Pulo Laut, S. Point . 
SPoint Lassoa . . . 0|= — North East Point. 
= Layean EOINe, 5.5)". 30|2— North Point . || : 
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= 2 Macassar, Castle. 0|SThree Alike .. 
Cape Mandhar, . 0 = Dutch Triangles . .| 
“Cape William. . 6 |. Addington’s Shoal 
2 ~ Little ‘Paternosters, 
CapeTemoel, N.W.Pt. 0/3 — South Island , 
North Watcher .. 0 5 — North East Island 
mnt Ponda. se. .e 0) — North West Island 
0 


Cape Rivers a. wae 
| North Watcher . . 


ecocococeococeoececa“a 


Waxway Island . 
Weycoongy I., mid. . 
Bouton I., N.E. Pt. . 
— Calansoesoe Bay . 
—=snst Fort os te 
— South Point .. 
— Bouton, Town. . 
Cambyna, Peak 
South Island 
; Hagedis Island , 0122 40 


North Point . . 37 8 
-Sandakan Bay, 
— Babalatoli Island .| 5 54 
= Unsang Point. . .| 5 19 
Kaneeoongan Point .| 1 5 
South 

Dondrekin L,S. Pt. | 0 54 O117 
2asseer River, entr. .| 1 54 O116 

- Ragged Foint.» ~ oe hon to 


fy land of al neo, 


> ome} 


— 


LATITUDES ann LONGITUDES,. 


TABLE LVI. 


320 
(63) Places. Let. S 

ae Oo 
Shoal: Points. <5 « .| 2 
Point Salatan . . 4 
Benjar River, entr, | 3 
Flat Pott: 30: < << 3 
Pulo Mancap . . 3 
~ Mancap Shoals, S. end! 3 

- Rendezvous 1., W. end! 2 

SOMVCO FALE 6 5 ccm ote 

FQSuccadama . « «. o| I 

-) North 

F P ontiana River, entr.| 0 2 Oj109 12 

= Marapava Point . .| 0 17 30]/109 0 

~Sambas River, entr. .| 1 13 30|109 3 
Tanjong Apee. . | 157 Ol109 14 
Tanjong Dattoo . 3 0 O10 46 
BorRnEO . 2 e eg «ef 4 55) «(OUR A 55 
Pulo Tiega. . . -| 5 38 OLS 16 

| Ahi i, 6 21 OjL16 24 

Keeney Balloo, Mount 6 3 Ol116 40 

: Banguey, Peak . 719 o1l7 6 

: Balambangan Island, 

: — North Harbour 716 OIG 58 
Mangsee Islands . 7 32 oOl7 19 
Balabac,. Peak 's° .* .)°7 59 pilly 2 

i St. Michael's Bank, 

— Northend . . .| 7 50 Oj118 20 

| Cagayan Sooloo . «| 7 0 Oj118 36 
Palawan, S.\W. Point; 8 24 oj117 14 
— Long Point. . .| 9 39 O/118 21 
— Ooloogan Point .}10 12 OLS 55 
— North Point . .11 30 O|LI9 37 
Ragged Islands . ./11 15 OjLL9 21 
York Breakers. . .| 9 54 O!LI8 12 
Paraquat. ik.) 910 O17 32 
Sooloo, Town . . 6 1 O21 12 
, Pangootaran - « «| 615 O120 40 

= belawn, E. Point. .'6 0 Oj122 8 

> = Tape: intana, S. ik, Pt.| 6 14 30/122 8 

@Tamook . .« « « 6 28 O21 56 

‘= Mataha ste as. Sete el Ode OL BO 

= Sangboye > Se) 6 487800 21-35 

‘aAleynga. .. . 6 52 O21 43 

i Ballook, N. and ae el 6° 410.5 010 28"50 
Basaeelan, E. Point .| 6 30 0|122 39 
Mindanao Island, 

— Samboangan 6 43 O|122 14 
— Port St. Maria | 7 36 oll2a 16 
— Balangonan Point.) 7 51 Oj122 24 

»— North Point . 948 O125 20 

= — Surigao, Village .| 9 47 0/125 25 

= — Cape St. Augustine 6 4 0/126 48 

“— South Point . | 5 39 O25 7 

is Mindanao, Town .| 7 10 Oj124 35 

SSarangani |, S. Point! 5 20 6)125 43 

is Hummock I, Peak .| 5 22 0/125 32 

, i Samar Island, | 
— C.St. hspiritoSanto 40 0/125 38 
St. Bernardino Island 12 46 0/124 16 

} Cxpayanes Is., mid | 9 34 O21 23 


OS See = aS 


=) 


2 
= 


“3 
4 


(64) 


Places. 


Negros Island, 

— Point Sojoton . 
Panay Island, 
— Point Nasog 
— Astoman. . 
— Point Potol. 
White Rock . 
Sombrero Rock 
Cuyo Island . 
Dry Bank) .-.3 44% 
Quimluban Islands, 
— North End. . 
Caravags SVN 
Green Island . . 
Calamianes, Rock 
N.W 3 ROCK s sone 
North Rock .. 
Calavite © . 
Appo Shoal, N. end . 
— Great Island . 
=Ambolon, S. end . 
Mindoro Island, 

— Pandan Point . 
— River Musi . 


Goat Uslaride tes ame 


Luconia or Luzon I., 


_ Cavite ° . ° 
— Manilla, City . 
Var. 00 17’ E. 


— Subic Bay, entr. . 


— Silanguin Bay . 
— Point Capones. 
— Sisters . . 

— Adder’s Island. 
— Point Bolinao . 
— Cape Bajadore. 
— Cape Engano . 


18 
.18 


— Cape St. lidifonso 15 


— Sorsogan. . 
Ticoa Taland2 
— Port St. Jacinto 


Catanduanes Island, 


— North Point . 
— South Point . 


Babuyan Islands, 
— Camaguin . 
— Fuga. .. 
— Lapurip. . 
— Calayan. . 
— Claro Babuyan 
Bashee Islands, 
— Balintang . 
— Batan, Mount . 
— Grafton. .. 


— North Bashee 
Gadd’s Reef . 


Betel Tobago Xima .' 


Little Botel. 


(12 
I 


14 
w13 


0/122 


0/122 
0122 
0122 
0121 
0121 
0121 


24 30121 : 


28 0121 
53 0121 
3 0119 
56 15119 
23 15,119 
0.120 
0.119 
0,120 
0120 
U/121 


0.120 


47 0122 
52 20 123 
34 0123 


| 
0121 
0124 


16 
38 


40 
15 
28 
37 


0121 
0121 
sy 


58 0192 
23 30122 
34 30122 
9 0.122 


43 O21. 


59. 0121 
56 30.121 


121 ! 
1 0121: 


24 


4} 


Lon. E, 


eooocooco i] 


oo 


15 


occcooc 


os So escoosossoo so 


[ooo 


TABLE LVI. 
LATITUDES ann LONGITUDES. 


| (66) Places. | Lat. N. | Lon. E. 


r) ; a re roe 

| — Southend. . OIL 10 O 
St. Esprit’s Shoal . O1IS 6 O 
Pratas, N. E, end, VILI6 53 45 
—N.W.end.. O|LI6 42 15 


32] 


(65) Places. 


LatiNe |) Louk 
o i. vai oO , nw 
Vele Rete Rocks. j21 42 0/120 52 
Formosa L., S. Point /!2L 54 0/120 55 
— Lamay Island , {22 19 15/120 27 
— North Point . .'25 18 0j121 34 
wav .Avsromt “. .25 ‘ll: OTfl 6 
— N.E. Point. . .25 11 O121 56 


oococecse 


North Shoal, W. end {17 30\111 27 0 
— Eastend . Lojl1l 82 30 
Amphitrite, W. end . Oj)112 12 0 
Mee end Mei 0112 23 0! 
| Woody Island. . O}1112 19 O 
t Rocky Island o'1l12 20 0 


XVIII. Islands, Rocks, and Shoals, in the 
CHINA SEA, 


* For the Islands, &c. at the entrance to the 


: : 1 : Lincoln Island. . ol112 12 0 
Chine Sea, 6ee Columns (56) ang (57). Pyramid Rock . 15/112 37 30 
Money’s Island . Onn 20 30 

Pulo Brala . . . .| 4 47 0/103 37 0} Robert's Island. SOIL 34 30 
Pulo Capas. . . 5 15 0/103 14 0} S Pattle’s Island. 20111 36 0 
Great Redang isknd 5 53 0/102 55 0} = Observation Bank . O1lL 40 30 
Pulo Cara . . . . 8 29 O}100 56 0} A, Drummond’s Ish ind LOT LD Sn37 
Pulo Way . . . .J 955 O/}103 25 OO}, Gov. Dune: an’s Isl: and 16 28 A011 ST 0, 
Pepe, 2°. 8 25 0/104 54 0} Discovery's Shoal, 
Brothers. . . 8 35 O}106 8 OO}; — Westend . . J16 11 OTT 32 30) 
Pulo Condore, mid: | 8 40 O1106 42 Of] — Eastend. . . 16 16 ONL 46 30; 
Pulo Sapata. . . {10 0 0/109 2 30}! Vadalore’s Shoal, 
Great Catwick. . .J/10 6 O/]108 52. 0]| — Westend . . .116 17 30111 58 30: 


Royal Bishop’s Shoal, 
—Southend .. 

Charlotte’s Shoal . 7 11 O}107 36 
Pulo Ceicer de Mer .j10 32 30/108 53 
Holland’s Bank, S. end|10 37 15]108 40 
Britto’s Bank . . .J10 30 42/107 49 
Minerva’s Bank 110 38 O}110 18 
Prince of Wales’ Bank, 
— South West end 

— North East end 

West London Reef . 
East London Reef 

Dhaulle’s Shoal . 

Stugs, North end . 

Amboina Shoal. . . 
Swallow Shoal. . 

Royal C harlotte Shoal 
Louisa’s Shoal. . 
Friendsbip’s Sh.N. and 
Sea Horse Breakers . 35 ©60j112 28 
Investigator’sN.W.Sh} 9 40 Oj}113 4 
Western Reef. . .j10 15 O}L13 41 
Great Reef., N.end .J10 7 O/}113 52 
South Island . . .J10 45 O}114 27 
North West Island .J11 9 0/114 18 
North Danger. . .j11 29 Oj114 20 
Investigator’s Shoal, 


— East end’, ..< dl6.19 Satie siniat 
Bombay Shoal. . 16 0 OLl2 26 0! 
Passoo Keah Island AIG 2. O4LP 15 0| 
Triton Island . . 215 46 40011 9) =a 


| 9 40 O}108 21 


eo 


eocococoo 


XIX. The Coast and adjacent Islands from 
CANTON to CAVE NORTH. 


$ 3 O}110 24 
8 13 Oj}110 34 
8 55 O12 O 
8 48 O}112 24 
9 32 O}112 25 
8 24 O}112 57 
7 52 20/112 56 
7 
6 
6 
6 
5 
9 


Canton, Factory . 
Macao, Town. . 
Grand Ladrone . 
Po-toe . : ix 
ChungChow . . 
Laff-Sammee, Peak 
Lantao or Ty-ho, 
95. We (Ruint!, 4s 
— iN. ByPoint. } 0s .3!% 
— Highest Peak . 
[-Ghow tae ost Ua! 22 
AssesEarsorK y-poong 21 
Grand Lema,N.E,. end, 22 
Linting @ “2h. o. 22 
Hong- kong Island, 
—TytamBay, S.W.Pt./22 
Waylan Island. . .|22 
Nine Pin Rock ._ .|22 


23 30/113 52 
56 30]/113 37 3 
20 O13 18 
0 O}112 49 


ecocooosoeocooocoecoceces 


— Westend . . 8 5 Oj114 35 0j| Mirs Bay, S. E. Point, 22 
— East End . . .| 8 10 Oj114 51 0|| Chueng-Chow. . .|22 
Viper’s Shoal . . .| 8 O OjL15 25. O}] Toonee-Ang . . .|22 
Half MoonShoal,S.end] 8 54 30/116 15 30]| Mendoza Island . ./22 
Royal Captain’s Shoal] 9 2 24/116 42 45|| Fokay Point . . 4/22 
Bombay’s Shoal . 9 27 0|116 55 0}| Pedro Branco. . [22 
Investigator’sN.E Sh.) 9 13 0/116 30 0j| Sha-long-low . . ./22 3¢ 
Sea Horse Bank . 10 51 Oj117 55 30]) Teng-mee Re ey y 
‘ Cup-chee-san . . ./22 30}116 
Macclesfield’s Bank, Black Mount e's 30|)116 11 0 
— North end 16 19 Oj114 Breaker Point. . 45/116 § 


TABLE UVTI. 
LATITUDES ann LONGITUDES. 


(67) Places. Lat.N.| Lon. E. jf (68) Places. 
|, |; || — 
Cape of Good Hope 2: 45.116 Petropaulski  . 
Namoa Island, W. Pt.!: 0, 116 Kamschatka .. 
Ne POMS doce 2a 07 : 
0 LAZ 
Brothers. i 0 117 
~ Chapel Island . ‘ 0/118 
= Amoy iy Ma 
P= — Caw-chat Rock 2¢ 30/118 
S Chin-chew Bay, abt. |: 0118 
. Lam-yet Is., S. end |24 ; 15 119 : 
2 ete: fee Hee ap 0.119 
2 0122 
le . CH USAN, Harb. Sent. 30 0,122 
b ee 0121 
Tea san gee ‘| 0,122 ¢ 
v121 
40118 
Olid 


2 2 'schukotskoi Ness 
East Cape... 
Cape North . . 


Lamay Island . 
Fort Zeeland . 


ee 


Pescadores Islands, 

— Pehoe Island . 
Vela Rete Rock . 
Gadd’s Reef . 

Botol Tobago Zima 
Samo ot ag : 
Hoapinsu Island . 
Tiaou-su Islands . 
Madjicosemah Is., 

— Southermost . 

— Westermmost 

— Ty-pin-sen Islan, 7 
Kumi Island - 
Great Loo-choo I., 

— North Point . : 
— Napakiang Road Jas 
— South Point . .: 
Sulphur Island 

Crown Island , 
Harbour Island 
Bungelow Island 
Pinnacle Is., 

— N.W. end 


fd 
Smooeooeocre S 


Shin? -tung paeaey 
—— ast omit, ce els } 0 122 
— South Point (36 54 0) 122 
C. Zue-o0-tow . (37 35 50 1 rH 
Iliatau Islands, 
— Vchoosan . 138 45/121 
Keu-San Islands . Lf: 0/120 
Pei-ho River, entr. {38 51 30117 
Pekin, obs... : 4 13/116 5 
Gulf of Leotong, 
— S. FE. or Charlotte’s} _ 
Point, about. . ./38 
Basil Hall’s Islands, 
—N.W.end . . 4.37 
Clifford’s Is., middle |36 
Corea, Basil’s Cape .|36 
— S.W. Point. . J/34 
— Cape Providence .|34 
Windsor Castle I, 126 
Thistle Island . : 126 
ip ya bh at : : 0/126 
30/125 
0| 127 
~ South Poist - ae 0| 126 
Tsus-sima I., N. Pt.. 30/129 
— South Point ._ .|3. 30/129 
Colnet’s Island . . 30/129 
Corea, Port Chusan . 0/129 
.— Cape Clonard . . 0|129 
P— Sanpou . ‘ 0)128 
s = White Rock= 3" < 0|129 
0; 130 
aanespiiiee Island. . 0)129 
Ternay Bay. . 32/137 
Suffren Bay. . 0)138 
Cape Lesseps . ‘ 0}140 
Castries Bay . AE 9 0)|140 
Vanjuas Point. : o|141 — Cape Tchesme. .|31 0}130 
Romberg Cape. 30/141 — Cape Kagul . J31 20}130 
Jonas I., Peak, about 56 30/143 Tanega-sima | , N.Pt./30 30/131 
s Ochotile ls d AB 10/143 Jakuno-sima I. mid. 139 01130 
2 Yamskei 7 6 0\154 Voleano Island , [i 01130 


oc oe 


ee 
pa ee 


i 


i121 


Side a 


124 
125 
126 
126 
127 


oococoeoco 


Kiusiu Island, 
— Cape Nomo 
— Nangasaki, City 
— Ooumoura .. . ‘ 
— Cape Seurote . ||: 30/129 
— N. W. Point . .{ 2 Of129 
— Kokouro, Town |: O31 
Te ae Paint - +; 91130 
O31 
0}132 
O}131 
3 _ Cape C ae en i ‘|: O31 
ie — Cape Danville. || O}131 
2— Cape Nagaeff . i O}131 
i é 45]130 
— ar’ a “ 30/130 
— Kago Simo, Town 31 O}130 


ooocoeococe& 


_ ow 2 ie aw oo 
evoounseoooonrsscs 
eoocooeoseosoooeesses 


tel 
on 


3 Bolcheretskoi . at 30/156 St. Clair Island . .)30 15/129 
BE 4 O}129 35 


sucecoeocfd 


™ Cape Lopatka . 15/156 5] Nadijda Rock . 


6 0153 12 


TABLE LVI. 323 
LATITUDES ann LONGITUDES. 
(69) Places. Lat. N. | Lon. E. {] (70) ‘Places. Lat. N. | Lon, E. 
f OA A ESOT o / Wo ‘oa 
Meac-sima Islands, Cape Spanberg . .44 35 O'145 0 0 
— South West end ,/31 35 0/129 40 o|~Cape Soya... 45 31 15141 51 0 
— North Mastend .'31 49 0/129 51 Gi] Z Cape Romanzoff . 45 25 50 41 BE 20 
Asses Kars. . . ./32 2 30/128 36 30 5 Cape Shishkotf . .44 20 0141 37 0 
Gotto Islands, = Cape Malespina 243 42-15 111 18 30 
— Cape Gotto, S, Pt.32 35 6/128 414 6 2c Novosilzoff, Peak .43 14 301410 25 30 
1}; — North end « -/33 34 O}129 LO 0 . Koutousoff, Peak 42 38 O140 1 0 
Fisando Island, Port 33 39 Oj129 36 0 EC) wpe Sineke .+ 4 41 39 30139 514 15 
Ykilsland . 133 56 0/129 48 OS Mutsumay, Town. .41 32 0140 4 0 
Tsus-sima I , N. Pt. 134.40 30/129 29 ul] Cape Nadiejeda . ./41 25 10110 9 30 
— South Point . .34 6 30/129 15 —~ | | 
Sikoke Island, Kosima Isliand . ./41 21 30139 46 0 
— Cape Yamafar. .34 10 0/133 17 0 Osima Islund . . a 31 30130 19 15 
— Cape Misaki . 233 18 O32 17 oO} Okosu Island - -42 9 0139 380 0 
— Cape Tosa . 132 25 01133 17 Ol] Picde Langle. . ./45 11 O41 12 15 
— C. Mourodino-saki33 8 0/134 21 06j| Refunchery Island, 
— Cape Ava .. .33 52 O1135 0 OF — N. E. Point. j45 27 45141 4 0 
Niphon Island, Monneron I|., N. end 46 13 O111 15 0 
— Semonoseki, Port 33 0 O/131 20 0 
—Faghi . . . 34 44 6/131 35 0] Cape Crillon . . 145 54 15141 58 0 
— Famada . . .(35 12 01132 13 O}] Dangerous Rock . .45 47 15 142 8 45 
— Cape Itsoumo . .35 42 0|132 33 Ol) Salmon Bay . . .'46 41 15142 38 0 
— Tootori . . .(35 36 O134 27 0} Cape Aniva .. 146 2 20143 30 20 
€ — Point Tanga . «35 52 0(135 19 6) Cape Lowenorn . 446 23 10143 40 0 
S— Cape Noto. . ./37 36 O|137 20 O}} Cape Tonen S. 46 50°00. 143°33= 0 
ed Cape Yetsiou . .j87 17 0/137 50 O|/SCupe Dalrymple . .'48 21 0.142 50 0 
S'— Russ. Promontory |39 50 0/139 44 OS = Robben |., N. E. Pt. 48 36 0144 33. 0 
3 — Cape Gamalas. “.|40 37 6/139 49 0||2Cape Patience . .148 52 0144 46 
§ _ Cape Greig . 41 9 16/140 8 0] Cape Delisle de la | 
S — Cape Sangar ; a 16 30/140 14 OS Croyere. . . .j51 0 30143 43 0 
— North Point . 41.31 40140 50 Os Downs Point . . .'5153 0143 14 0 
—N. E. Point, or | | Po Klokatchiff . 53 40 0143 7 0 
Cape Nambu ./41 24 06/141 33 30]| Cape Lowenstern. .54 3 15 143 12 39 
— Port Nambu . .j/39 48 Oj142 25 0j)| Cape Elizabeth . .54 24 30142 46 30 
— Cape Gore. . ./38 39 Ol141 52 ©|) Cape Maria . . .'54 17 30142 17 45 
—Cape Blanc. . 1/35 13 01146 40 || Nadiejeda Bay . .'54 10 15 142 27 24 
— Cape King . . .34 54 O]140 19 06|| Cape Golowatzcheff .53 30 15111 55 0 
— Jeddo, Town . .|35 40 0/139 50 0} Boutin Point . . .51 52 O111 54 0 
— Cape Yzou. . .34 42 0/139 4 Oj] Martiniere Peak . .50 12 0142 12 0 
— Cape Tootomy. ./34 42 0/138 14 Ol] Mongez Peak . . 49 20 0142 15 0 
— Cape Sima. . 34 21 ol137 18 Ol) Bay D’Estaing . 48 69 35112 2 0 
— South Point . .33 25 01135 47 0|/ Bay DeLangle . .147 44 014158 0 
Mino-simo Island. /35. 1 4h 30 0 
Oke Isluud, N. Point, 36 30 O]133 17 Of} Kounashir Island, 
Jootsi-sima Island ,/37 51 0/136 56 Ol] — Traitor’s Bay . 43 44 0145 15 0 
Sado Island, N. Pt. 139 4 0/138 20 ol — North Kast Point .44 29 15/146 8 0 
- — South Point 38 23 0/138 24 0} Itouroup Island, 
Vries Island, Volcano34 40 0/139 32 0||,— Cape Ricord . .44 29 0146 34 0 
Broken Island . . ./34.21 0/139 37 0/3 — Cape de Vries. ./45 37 0149 1 0 
Vulcan Island. . ./34 5 O}1189 34 OJ S—N.E. Point. ./45 38 30149 14 0 
Princes Island. . .|33 48 0)139 50 0j/lS Ouroup Island, | 
Broughton Rocks —_.|33 34 0/139 33 0/3 — South West Point 45 39 0149 31 0 
Tatsisio Island . .133 6 O|140 0 O0||S— North East Point..46 16 0150 22 0 
Rsree's Island . . .31 30 01140 3 0/4 North Torpoy Island 46 32 45/156 37 10 
South Torpoy Island 46 29 15150 33 30 
2 Cape Esarme . . ,|41 49 20j141 20 0 & Broughton Island ./46 42 30150 28 30 
Port Edermo . . 42 19 30|)141 7 30}| Simusir I., S. Point “46 51 01481 37 0 
SCape Eroen . . 141.59 O}142 55 Of — N.W. Point . .'47 11 0153 55 0 
>Bay of Good Hope, Ketoy Island, 8. Paint 47 17 30152 24 0 
=—West Point. . .|43 0 0144 12 Oj] Ushishir 1, S. Point 47 32 46.152 38 30 
2 Atkis Bay, entr. . 143 20 “hr 32 Off Rashau Island . 47 47 0152 55 OO 
=Cape Broughton . .|43 38 30/146 7 304 Mataualsland, mid .'48 30 
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LATITUDES ann LONGITUDES. | 


(71) Places. 


Raoukoko Island . 

Les Embuches, S. end] i 
4 Tchirinkolan Island . 
S Shiashkotan I. mid. ./- 
> kkarma Island. . 
| Kharamoukotanl peak 
= Onneketau 1.,S.W. Pt./49 
= Monkonrushy Islané ,|49 : 
~ Shirinky Island . .J50 
Pa Poromouchi: ‘sland, 

— S.W. Peak. . [50 

Soumshou Islanu, mid./50 46 

Alaid Island . . .150 54 


Furneaux Islands, 
;— Great I., N. end .(39 42 30/147 53 30 
— The Sisters, N.end39 38 Oj147 55 0 
— Babel Is., N. end |39 59 Oj148 17 0 


— Cape Barren . 49 25 15(148 25 45 
— Clarke’s I, S. Pt. HO 33 0/148 9 30 


Bass? Strait 


— Cape Franklin. | .}40 24 0 
Banks’ Strait, mid. ./40 38 0 


Cape Otway . . .138 54 0 
Port Philip, 

— Point Nepean . 38 18 Oj 
Western Port, 

— Cape Schank , .|38 30 0 
Var. 8° 30' E, 

— Point Grant . .j38 30 0 
Cape Liptrap . . ./38 53 0 
Wilson’s Promontory |39 11 0 
Ram Head. . . .j37 38 0 
Cape Howe . . 37 30 0 
Twofold Bay, 

— Snug Cove. . 37 4 0 
Cape Dromedary . ./36 18 0 
Cape George . . 35 9 0 
Jervis Bay, 


— Bowen's Island ./35 6 Oj150 55 
Red Point . . . 34 29 O}151 2 


XX. The Coasts of 1 ASMANTIA or VAN 
DIEMEN’S LAND and of AUSTRA- 
LIA or TERRA Ai'STRALIS, with 
the adjacent Islands. 


— 
cod 
ir) 
~ 
— — 
5 


West Point. . . Jjd4l 3 30}144 38 0 
Mount Norfolk . .j41 24 Oj(144 58 30 
Macquarie Harbour, 
— Cape Sorell . J42 10 45}115 16 30 
Entrance Island . .j42 14 37}145 19 58 
Point Hibbs . . .{12 39 Off45 20 0! 
Rocky Point . . 43 © 30)145 33 0 
Port Davey, 
— Pyramidal Rock 43 21 0 
South West Cape. .j43 39 0 
South Cape .. : 
SMewstone . . . 43 46 0 


— 
oe 
i) 
or 
or) 
— a —) — a —) 


Botany Bay, 
— Point Solander ./34 0 45}151 15 50 
Port Jackson, 

~ — Lighthouse. . 33 51 11 
& Var, 8° 42’ E. 

m= — Sidney . . . «33 50 40 
"= Paramatta, obs. . .j33 48 50}/151 1 34 
3 Broken Bay, S. Head 133 34 0j151 21 0 
w Port Hunter, entr. .|32 56 O|151 43 15 
Cape Stephens . ./32 47 35 


ic Pedra Blanca . 
*~ Rurick Rock 

= Recherche Bay, 
-~ — Observatory Point}!3 32 .7j/147 2 30 
9 Var. 70 39’ E. Cape Hawke . . .|32 13 30/152 33 0 
§Tasman’s Head . .j13 30 30{147 26 0|/~ Port Macquarie, entr.31 25 32/152 57 25 
Storm Bay, Var. 10° 11’ EB. 

S— Cape Raoul . .j43 13 01147 54 Smoky Cape . . .|/30 55 40/153 4 30 
-S Hobart Town, Shoal Bay, entr. . ./29 26 15|153 22 0 


o 


= — Fort Mulgrave. .|42 53 35/147 28 || Cape Byron . . 4128 38 10/153 37 20 
SCape Pillar . . Jt3 UL 40/148 6 O|/ Point Danger . . .J28 7 0/153 32 0 
— C. Frederik Hendrik .J42 51 30{L45 4 0]) Point Lookout. . ./27 27 0/153 31 0 

Maria Island, S. Pt. {42 45 o}148 9 Oj] Brisbane River . .J27 25 O|153 5 O 
Schouten 1., N. Pt. .Ji2 16 Oj148 23 Off Cape Moreton, . 27 1 0/153 26 20 
St. Patrick’s Head ./{1 38 {148 24 0]| Double Island Point 25 55 0|153 14 0 
Swan Islands, largest '10 43 30/148 6 15]; Indian Head . . 25 1 0/153 23 0 
Cape Portland. . |40 44 0/147 56 30]; SandyCape . . ./24 42 0153 16 0 
Port Dalrymple, Port Curtis, 

— Low Head . . Jit 3 30/146 47 301 — Gatcombe Head 30/151 24 0 
Var. 8° 30’ E. Cape Capricorn . 30151 15 0 
Cape Grim. . . .{10 44 Of/144 43 O]| Cape Keppel . . 01151 4 0 

Keppel Islands, 

_ Hunter’s Islan |s, — Largest, N. end 01150 57 0 
“3 — Albatros’ Jsland {40 25 0/144 40 30) Cape Manifold , 0/150 49 0 
£ King’s Islan}, N. Pt.|/39 35 30/143 53 0}) Port Bowen . . 28)150 45 30 
2— South Point . 40 7 15]143 52 30] Harvey’s Islands . 30/150 44 0 
% Sir R. Curcis’s Island|39 30 0/146 41 0j|| Cape ‘Townshend . 30|150 29 0 

Skene Gioup, E. end|39 29 0/147 19 0}| Thirsty Sound, 
Pyramid Rock. . .{39 52 40/147 11 301) — Pier Head . 531150 0 10 


oo 
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(73) Places. Lat. S. | Lon. E. jj (74) Places. | Lat. 8S. | Lon. E, 
9S earns To aor ar ay ena a Set ee ee 6 7 

Hawkesbury Island .!10 23 0112 5 
-gSpencer’s Island . 10 18 30142 4 
= Wviount Earnest . ./10 14 30142 26 
2 Bank’s Island, | 

— Mount Augustus .10 11 30142 14 3 

= Mulgrave’ s Islands | 
S —North East Point -10 4 O142 8 

Jervis’s Island, mid. | 9 57 £142 7 


0 
Percy Islands, N. end|21 
Cape Palmerston ._ ./21 
Cape Hilsborough (20 
Sir J. Smith's Group, 
— Linne Peak . ./20 
Shaw’s Peak . . ./20 
Penticost Island . ./20 
Repulse Bay, 
— Cape Conway. .|20 
Gloucester I., N. end 19 
Cape Gloucester - (20 
Cape Upstart . ¢« ./19 
Cape Bowling Green |19 
Cape Cleveland . ./19 
Mount Elliot . . .|19 
Magnetic Island, mid.|19 
Palm Island, mid, .|18 
Point Hillock . . ./18 
Mount Hinchinbrook |18 ¢ 
Cape Sandwich . .|18 


Duythen’s Point . 112 34 0141 37 
Pera Head. «+. «12. 58930:141 37 
Cape Keerweer . .'13 57 0/141 30 
Siveer’s Island . 17 8 15)139 44 5 
Allen’sI., S. E. end.'17 5 0139 25 
Wellesleys Islands, | 
_— Bountiful Island £16 41 0'139 59 
=» — Mornington Island,| | 
Cape V andiemen ./16 32 0139 49 
go Ed. Pellew’s Is., 
— Cape Vanderlyn .15 34 30137 11 
— Cape Pellew . /15 30 30137 5 
Maria's Island, N.Pt. os 50 0135 57 
sp roote ls S. W. Pt. 15 0,136 30 
= — South ‘Raat Point. ev LZ HOUSTes7 
— North Point . 13 37 0/136 50 
— Central Hill . .13 56 45/136 46 
Bickerton’s I. summit 13 44 40136 19 
Cape Shield . . .13 19 45136 28 
Cape Grey. . . 13 1 01136 47 
Mount Caledon . .12 53 30'136 37 40 
Point Alexander . .12 50 0/136 43 30 
Mount Alexander. .12 40 Q136 48 0 


— | 


2 £2 taria 


= Cape Grafton’. . .16 
3 Snapper Island . .|16 
* Endeavour R., entr. .'15 
SCape Bedford . . .|15 
2 C. Flattery, summit ./14 
Lizard Island, summit! 14 
Cape Bowen, Peak .14 : 
Point Barrow . . ./ld 
Cape Melville, . | 
Cape Flinders. . .|14 


Clack’s Island . | 
Cape Sidmouth 13 24 20/143 30 0j| Cape Arnheim. . .12 18 01137 5 O 
Night Island, N. end 13 8 0/143 28 40|/ Melville’s Islands, | 
Cape Direction . .12 51 30/143 27 0]}¢— Great I, S.end ,12 8 30136 58 0 
Cape Weymouth . ./12 37 15/143 20 35 = Melville Bay, 
PRG Epes, 1. bs o/12):25.,0)1438.11 15 =— Point Dundas . .12 13 0136 46 0 
Cape Grenville . .11 57 30/143 8 Oj} Cape Wilberforce .11 52 0.136 38 0 
Quoin Island - (12 24 01143 23 50 = Arnheim Bay,entr. .12 2 0136 9 0 
Forbes’s Island . ./12 16 35/143 18 50//@ Cunningham's Island,| i 
SirCh Hardy’s Is. .11 53 20/143 23 40 & — South end bina k ait 44 0136 14 0 
Bird Is. N, E. end .11 44 15)142 58 45 z, Point Dale .. . 1.1; «11.36 -0,136 9 0 
Orfordness . . . .|LL 18 30)142 43 35|| Wessel’s Islands, | 
Cairncross J., mid. .|11 13 30)142 50 35) — Cape Wessels. . 
Turtle Island .- . .10 54 O/142 38 40 
Albany Isiands, Peak 10 43 45/142 35 5] CapeStewart . . ns 56 0 
| 
| 


Liverpool River, 
York Islands, — Entrance Island 
— Mount Adolr%us .10 38 20/142 36 25]! Point Braithwaite. 
Cape York . . . .10 42 40/142 28 50|| Goulburn’s Islands, | 

Endeavour Strait, ~— North Eastend ./11 26 0133 26 0 


33— Possession Islands10 44 0|142 20 0]|$ Cape Cockburn J11 18 0132 53 6 
= Prince of Wales’s Is., 3Croker’s I., N. Pt.. .|16 58 30132 34 10 
A— Horned Hill . ./10 36 35/142 15 0/5 Point Smith - « «11 6 45132 12 30 
% — Cape Corea 10 45 45/142 8 36] 8Cape Don . . « «11 19 30131 45 30 
|= — Wednesd: > Alligator Rivers, | 

& North Poiat . 110 30 10/142 15 0|| — Field Island, mid. |12 6 0/132 26 10 


Melville Island, 

— Cape Gambier. ./11 56 0 0 
— Cape Keith . .j11 39 0131 28 0 
-Cape Fleeming .|11 12 0/131 22 0 


Wallis’s Island, mid. 10 51 Oj142 0 0 
Booby Island, mid. /10 86 Oll41 52 59 


Alerts Shoal . . | 9 52 0i140 50 0 
| West Island . . .10 21 O1141 56 30 
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75) Places, | Lat. S. | Lon. E. || (76) Places. | Lat. s. | Len, E. 
Melville Island, Legendre I., N.W. Pt.20 18 45 116 46 0) 
— Cape Van Diemen j11 8 15/130 20 30]; Dampier’sArchipelago; 
— Port Cockburn, | — Malus Island, 

Fort Dundas . ./11 25 01130 24 0 Courtenay Head .'20 29 5/116 36 35 
Bathurst Island, | —Enderby 1.,S.W.Pt.20 35 25116 23 5 
— North Point . «11 19 0/130 13 0] —Rosemary Island .'20 27 30116 31 0 
— Port Hurd, entr. ./11 39 30/130 11 0] Cape Preston . | [20 49 451116 5 0 
—Cape Fourcroy .'11 51 0/130 0 0] Trimouille I., E. end '20 23 0/115 28 0 
Paterson’s Bay, Barrow’s Island, | 
— Cape Grose. . .12 32 40/130 26 0|| — Cape Dupuy . .'20 40 0}115 12 0 
Peron’s Islands, peaki3 6 30/130 1 20|| — Cape Poivre . .|20 52 0115 9 0 
Cape Mord) <2. ok 113 24 35/129 52 20]| Ritchie’s Reef. . .'20 17 40114 46 6 
Port Keats, | Exmouth Gulf, | 
— Tree Point. . ./13 59 20/129 34 0] — N.W.Cape . .'21 47 40114 3 40 
CapeHay . . . «14 1 30/129 27 30] Point Cloates . . ./22 33 511335 0 
Point Pearce .-. «14 24 30/129 17 15) Cape Farquhar . .'23 35 0113 35 35 
Cambridge Gulf, Cape Cuvier . . ./24 0 30113 21 48 
— Lacrosse I., W.end 14 43 0|128 13 ol) Shark’s Bay, 

— Cape Domett . ./14 47 0/128 23 0] — Fourel., mid.» .25 43 O114 6 0 
— Cape Dussejour .j/14 42 0/128 8 O|| —C.Lesueur. . (25 38 0113 26 0 
Cape Londonderry .13 44 0/126 53 50] — Cape Heurisson .25 57 0113 26 0 
Jones’s Island. . ./13 44 0/126 23 0) —C. Bellifn . . ./25 57 0113 18 0 
Troughton’s Island ./13 44 10/126 11 15|| Bernier Island, | 
Cape Bougainville .13 52 0/126 9 || — Cape Ronsard. .24 45 O113 7 0 
Cassini Island, mid. 13 55 5\125 42 || Dorre Island, | | | 
Admiralty Gulf, — C. St. Creque. .'25 18 0113 0 0 
— Cape Voltaire, Hill 14 14 30)125 40 12|| Naturaliste’s Channel 25 25 ojl12 yee 
: Port Warrender, ~; Dirk Hartog’s Island, | ) 
§ — Chrystal Head. .'14 28 0/125 55 30||= — Cape Inscription .25 28 20112 55 © 
= Montalivet Islands, 3 Houtman’s Abrolhos, | ; 
= —N.E.end . . 414 13 40/125 19 30/5 — South East part .28 55 0113 47 0) 
g Maret Islands, N.end 14 22 15/124 56 40) Cape Leschenault. .31 21 0115 30 0, 
> York Sound, | = Swan River, entrance32 4 31115 46 43) 
— Cape Pond. . ./14 45 20/125 9 25]! “Rottnest I., N. E. Pt.31 59 30.115 31 12) 
Port Nelson, Var. 4° 50' W. | 
— Careening Bay 4/15 6 18/125 0 46|| Cape Peron. - 82 18 0115 42 0 
Freycinet’s Islands ./15 0 30)124 32 40] Cape Bouvard. . .32 37 0115 33 0| 
Prince Regent's R., Cape Naturaliste . .33 27 30114 57 53 
— Mount Trafalgar .|15 16 35|125 4 0|| Cape Leeuwin. . .34 20 0115 7 0 
Port George IV., Low Black Point. .34 25 O115 30 0 
— High Bluff. . ./15 14 40/124 41 35|| Point D’Entrecasteau34 52 0116 1 0 
— Point Adieu . ./15 14 10)124 34 45)) White Topped Rocks35 3 0116 13 0) 
Red Island . . . ./15 13 15/124 15 45]) Cape Chatham, Rocks35 3 0116 29 0 
Cockell’s Islands . .J15 48 0j|124 4 Of Point Hillier . .35 4 O117 9 O| 
MacLeay’s Is., largest|15 57 0|123 42 0|| West Cape Howe. .'35 8 30117 40 90. 
Cafferelli Island . .j/16 2 25|123 18 35] Eclipse Is., S.end .35 13 0117 52 0 
Point Cunningham .|16 39 20/123 10 0j| King George’s Sound,| 
Cape Levéque. . .|16 21 50/122 56 35| — Bald Head . {85 6 15,118 0 45 
Cape Borda. . . .|16 36 0/122 45 0j]) Mount Gardner . .35 0 30118 10 0 
Lacépéde Is.,N.W.end|16 49 40/122 7 20) Bald I.,S.E. Point .|34 55 0118 29. 0 
Baleine Bank, mid. ./16 46 0/121 50 30]| Haul off Roek. . (34 43 0118 39 0 
Cape Baskerville . .j17 10 0/122 16 0) Cape Knob. . . .3433 0119 14 0 
Point Coulomb . .|17 21 j122 11 0 Doubtful Islands . .34 23 0119 35 0 
Cape Boileau . . ./17 38 0/122 14 0j| Seal’sIsland . . .'34 6 0120 28 06 
Point Gantheaume ./17 53 0/122 11 0/| Esperance Bay, 
Cape Villaret . . ./18 19 15|122 3 451. — Observatoryl.,mid. 33 55 30121 45 30 
C. Latouche Treville |18 29 0/121 50 50] — Cape LeGrand .34 1 0122 4 0 
Cape Bossut . . .18 44 0/121 41 0} Lucky Bay, S.E.Pt. 34 0 20,122 14 14 
Cape Jaubert . . ./18 55 01121 36 O}] MondrainI.,S.W. Pt.34 10 30122 13 0; 
Bedout Island. . ./19 29 0/118 52 Oj] Termination Island .34 30 20121 58 0 
Cape Lambert. . .|20 34 30/117 7 Of Twin Rocks . . .34 24 0/122 
Delambre I., N. end ./20 351117 Twin Peaks,S.W.end34 1 0/122 
as mere tS re em ee Se 
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(77) Places. Lat.S. | Lon. E, } (78) Places. 


2 


Middle [sland, — Cape Willcughby .}: 
— Goose Island Bay .|34 31123 }@ Cape Bernouilly . 
reais a. 34 Gj123 y = Cape Jaftal A eke 
Cape Arid : : 15}123 = Cape Lannes . 
301123 Cape Buffon . . 
Cape Pasley . : 0} 123 }=W. Cape Banks . . 
Round Island . ; 0} 123 *# Cape Northumberland|38 
Fant Malcolm . : 0}123 }] &Cape Bridgewater 138 
0}124 zCape Nelson . . 438 
Point Culver . 43% O}L24 Cape Otway . . .|38 
Point Dover . ; 0125 
eee, paniin . oR XXI. Islands, Rocks, and Shoals in the 
nd, Low San oin 2 
Head of the nly Po NORTH PACIFIC OCEAN. 
S Australian Bight . ./ O}131 
= Cape Nuyts . . 43: 0}132 
. Point Fowler . . «|i 2 Oj132 
A =Point Bell . . . «fk 301133 
< Purdie’s Is., 20}133 
32 33 30/133 
20/133 
O}133 
Poin Brown Ab 01133 
Cape Bauer. BR 20/133 
Point Westall . 132 301133 
Cape Radstock (3 O}i34 Bishop's Rock 
Point Weyland 4 O}{34 Moore's Island 
Waldegrave’s Is., St. Peter’s Island 
= Ww est end . 5 30j134 Disappointment I. 
30| 134 Sylph’s Rock : 
0) 134 


ee) 
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Borodino Island 
Bishop’s Rock 
Rasa Island . 
Kendrick’s Island 
Cooper's Island 
Cepper Island . 
Abreojos Shoal 
Abreogoes Shoal . 
Douglas’ Reef 
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Point Drummond. . 0}135 Cali. ee 
Coffin’s Bay, Sulphur Island 
— Point Sir Isaac — .}3: 0}135 . Forfana Island 
Point Whidley . 30}135 Margaret's Island 
Greenly Is., peak. .(3- 0}134 Grampus’ Islands 
Cape Wiles. . ele O35 3 
Liguanea Island : 30/135 Volcano or Guy’s I. 
Cape Catastrophe. .13¢ 01135 Uracas island . . .120 
: > 0/136 Assumption Island {19 « 
Spencer’s Gulf, Mang's Island . .{19 
_— Cape Donington | O}L35 30); = Grijan Island, N. Pt. }18 
34 48 25)135 511| § Pagon Island, N. Pt. |18 
= — Point Bolingbroke [34 32 40/136 ol Alamaguan Island {18 
~ — Reevesby Island, = Guguan Island, N.Pt.J17 
UR eel, ae Os Fo C136 ‘= = Tores Reek) 4 hz 
= — Mount Young. .)8: G}137 = Seriguan Island . .J16 
|< — Point Lowly. 3 40|137 « ™ Anatajan Island . [16 
- — Mount brown . 15,138 45) 3 Medinilla Rocks . .|16 
— Barn Hill .. 5 O38 0| =Saypan Island, peak |15 
— Point Riley . .83 O37 0) Tinian Island, S. Pt. {14 
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— Point Pierce 301137 21 0 < Agugan Island. i4 

— Corny Point O1137 0" Reta Island . . .{14 

— Cape Spencer 0}136 53 Gi Guam Island, N. Pt. |13 
Troubridge Hill 135 O}L37 3t — Apra, Fort. . .I13 
Gulf St. Vincent, headi34 521138 | — Umatae Bay . {13 

— Mount Lofty . ./34 O1138 | — South West Point |13 
Cape Jervis . . 4/35 38 0/138 Sta. Rosa Bank, mid. }12 3 
Kangaroo Island, — 

— Point Marsden .135 33 01137 41. O| Manzurvan Island. | 0 

— Kangaroo Head 435 43 OUL37 58 stl Lord North’s Island .1 3 2 
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LATITUDES ant LONGITUDES. 


(80) Places. 
Om ea ie of 


Helen’s Shoal . . . 
Pulo Anna. . 


50 O|1381 40 30 
38 30/132 3 30 


2 Ralick Islands, 
| 4 
Pulo Mariere . . 4 19 30/132 28 15 
5 
0 


— Eschscholtz Is., 


Westend . -11 40 0165 21 
St. Andrew’s Talands: 20 01132 16 0|| — Rimsky Korsdkor | 
St. David’s Island 55 01134 21 30 Islands, N.end .'11 31 01°56 58 
— South Westend .11 8 29/166 26 
Pellew Islands, ee Peseadoresiaamid. 11 19 12.167 35 
— Babelthouap, E.Pt.| 7 41 0/134 55 0)! — Catharine Island 914 0166 32 
— Northernmost. .| 8 8 30/131 50 Of — LydiaIsland . . 9 4 0166 28 
— Southernmost . 6 53 301134 21 0O _— Margaret’ s Island | 8 52 0 166 30 
Matelotas Is., N.end' 8 41 0/137 40 O} — Princess Island .| 8 20 01167 30 
— South end. . .| 8 17 0|137 33 30) — Musquillo Groupe,| 
Yap Island, S. end .| 9 30 30/138 8 0 middle . . . .| 7 36 0168 16 
Hunter’s Shoal . .| 9 57 0|138 10 01 — Elmore Is, mid. .| 7 26 0168 30 
Mackenzie's Is., mid.10 5 0|139 40 0|| — BonhamIs.S.E.end 6 0 0/169 49 
Phillip’s Islands . .| 8 6 0/140 50 0]} — Hunter’s Island | 5 46 0169 0 
Kama Islands . . .| 6 30 0|143 0 0}| ; — Baring’s Islands .| 5 55 0/168 13 
Wilson’s Islands . .| 7 16 0)144 48 0 op — Boston Island. .| 4 45 0168 10 
Faralis Island . . .| 9 2 0/145 6 OlrS Radack Islands, | 
Five Islands . . .| 7 32 0/145 31  O/||'S"— Dawson’s Is.,mid.11 48 0170 7 
Swedes Island . .| 7 30 0/146 28 0||S— Button’s or Kou- 
Haweis Islands?. .| 7 30 0/146 38 O/IN_ tousoffIslands, mid. i1 11 20169 50 
Tucker’s Island . .| 7 22 O|146 48 0||@ — Krusenstern’s Is _,| 
Pigali Island . . | 8 11 53|147 40 10/3 North end .10 27 15'170 0 
St. Bartholomew’s I. | 6 35 0/148 47 0|/% — New Year's Island10 & 30,170 55 
“Enderby or KatalIs. | 7 18 0)149 12 0).$3 — Temo Island « th 0, 169 45 
Poulousouk Island .| 6 40 0|149 23 O|/* — Heiden Is. mia. .j . hi 30. 169 18 
™ Martires Islands, — Chatham Island} ¢€ 9 30170 24 
— Tamatam .. .| 7 53|| — Romanzoit Is.anus,| 
— Tanadick . | 7 38 Port Noel . . .« 9 28 10/170 16 
—Olap. .. 7 34|| Var.17° 55’ E. 
Anonymous Island .| 8 0! — Calvert Islands, 
Hall’s Islands . , « 8 0 North West end .} 8 54 20/170 49 
» Hogoleu Islands, South Eastend. .| 8 29 30,171 II 
— PisolIsland . . 7 15|| — Ibbetson’s Is.,mid.} 8 18 40171 12 
Givry Island . .| 7 48|| — Arrowsmith’s Is., 
— Torres Island . .| 7 0 aboutos, so. | 710 O71 O 
— Easternmost I. Z 0|| Daniel’sIslands . .| 7 24 0172 6 
Somes’ Island . . .| 7 0} Pedder’sIslands . .| 710 O71 54 
= Royalist Talend Y te Ol) Mulgrave Is.S.E.end| 5 51 0172 42 
D’Urville Iskand . .| 7 52) — North Eastend .} 6 20 0172 30 
Reefs and Talandets — North Westend .| 6 20 0172 4 
— North East end .| 8 0|| — South West end .| 5 58 0172 0 
— South West end .| 8 0 
Mortlock’s Islands .| 5 0|| Charlotte’s Islands .| 1 55 0172 55 
San Raphael’s Island | 7 0 Pitt’s Island, about .| 3 0 0174 30 
Greenwich Island  .! 1 0|| Matthew’s I., N. end! 2 6 0173 27 
Bordelaise Island. .| 7 0|| Knoy’sIs. S:end | 120 0173 0 
Meaburn’s Island. .| 7 0|| ; Marshall’s orGilbert’s | 
Montevarde Island .| 3 O22 Island, mid. . .| 11615173 4 
Raven or Valient’s Y Hall’s Island, N end| 0 59 19173 4 
Island. . 5 40 01157 40 0 = Woodle L., N.end .| 016 0173 27 
St. Augustin’s Island | 7 24 0|158 2 O|=— Southend. . 0 10 50173 29 
Ascension Island . .| 6 48 O}158 25 0 , Henderville Is. »N. end| 0 12 10173 42 
Musgrave Islands. .| 615 0O|159 15 Oj|2— Southend . . .| 0 5 50173 43 
Wellington or & Phebe Island . | 0 12 W176 50 
Duperry’s Islands .| 6 39 40/159 49 3/3 Kingsmill’s Groupe, | South 
Mc. Asgill’s Islands .| 6 13 30/160 48 o0/O — Dundas Island? .| 0 15 0174 0 
Qualan Island. . .| 5 21 30/163 0 42!) Sydenham Is., N.end| 0 32 0174 24 
Arrecifos Islands. .| 9 31 Oj|161 8 0Oj}/ —Southend. . 047 O74 34 
Brown’s Range, — Drummond’s I., ! 
— Parry’s Island. .j11 21 O\162 52 0 Northend . . | 1 2 O174 46 
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(81) Places. » || (82) Places. Lat. N. | Lon. W. 
" ay be ee eae | 
— Drummond’s Is. . Marokinni Island. ./20 37 0156 30 9 
panthiend.) . . :. BO 50} Tahoorowa Island, 
— Nautilus’ Reef . 0] — North East Point 20 36 0156 34 0 
— Byron’s Island 0}| Mowee I., N. W. Pt.j21 3 0/156 37 0 
— East Poite -' » 20 44 401156 2 40 
Jardines or Marshall’s $— Raheina Bay . 20 50 0256 41 0 
Island) ¢. .\*s 0||'§ Owhyhee or Hawaiil., 
Bennett’s Island . O\\ma — North Point . ./20 18 30155 58 0 
Wakes Reef . . Oj-2 — South Point . 18 54 0155 45 0 
Rico de Oro or 3 East Point . . 19 32 0154 50 0o 
- Lot’s Wife. . . 0|/S — Whytee or Byron’s 
Colunas Islands . O15 Bay . . . . {19 43 51155 7 10 
Decker’s Island . 0|| — Karakakoa Bay 19 28 2)156 0 0O 
St. Bartholomew’s I. 0O|| Var. 10° 14’ EB. 
Halcyon Island 0|| — Kowrooa Bay . .J19 37 30156 5 30 
Wake’s Island. . 0}|| — Toeaigh Bay . j20 3 0155 58 0 
Gasper Rico or 
Cornwallis Islands 0}| Palmyralsland . 5 50 0162 30 oO 
Crespo Island,or Roco Prospect Island 444 0161 37 0 
de Plata . «:. 0} Washington’s Island | 4 30 0/159 50 0 
Wake’s Rock . . o|| America Islands 348 015915 0 
Patrocino Island . 0) Fanning’s Island . 3 49 0158 50. 0: 
Mellish’s Bank. 0|| Christmas or Noel I.| 1 58 01157 32 Oo 
Gaspar Island . . 0}; Guadaloupe I., S. Pt. (28 53 0138 15 45 
Massachuset’s eat inetol 0 Roca Pardora Island J16 10 O56 10 0 
Misipi Island . . .jI16 2§ 0132 57 0 
Ocean’s or Staver’s 1.28 0|| Alijos Rocks? . . 24 48 0115 33 0 
Curé Island .. Ol] Sta. Rosa Island . 18 19 O115 6 30 
Barbas Island . . 0|| Shelvoes Island . J22 5 0112 32 0 
Pearle and Hermes Neublada. . . . 18 17 0114 oes 
GRA See fs 0|| Roca Partida » 419 4 30711 6 30 
Krusenstern’s Rock ,|22 0|| Cloud’s Island. . .J19 46 0115 0 0 
Lisiansky’s Island O|| Best’s Island . . JIS 4 O14 21 0 
Lassion’s Island . 0|| Socorro Island 
Bunker Island. . 0) — Cornwallis Bay 18 48 O110 10 0 
Maro’s Reef. . 0} St. Berto Island . {19 20 0109 52 9 
Johnston’s or Smith’ Passion Rock . . 16 54 0109 6 0 
slants. Shs0 e' 30) Clipperton Rock . 10 18 0109 19 0 
Two Brother’s Rocks 24 0|| Duncan’sIsland . | t 090 0106 0 0 
Polland’s Island . 0|| Cocos Island . . .| 5 33 10: 8659 @ 
Allen’s Breakers . 0} Malpello Island . .| 3 59 0! 81 10 0 
Gardner’s Island . 0 | 
Wilson’s Island . 0} Culpepper’s Island .| 1 42 0) 91 34 0! 
French Frigate Shoal |23 0) Wenman’s Island. .| 1 22 0; 9116 0 
Malloon’s Island , 0|| Abingdon’s Island, | 
ae — Nories’ Rocks. 048 0: 90 20 40) 
Necker Island. . 0|| — Cape Ibbetson . 0 30 45) 90 15 45 
Bird’s Island . . 0|| . — Chalmers’ Point .| 0 31 30) 90 20 15 
Tahoora Island. 0/|$ Bindlo Island, N. Pt.| 0 21 15| 90 6 0 
Oneehou Island, S. Pel: 0|SEuroIsland. . . 0 22 30' 89 42 06 
, Oreehoua Island ™ 02 Albemarle Island, | 
¥ Atooi Island, 8. E. Pt. 0|| 2 — Albemarle Point . 015 0) 90 58 0) 
3S — West Point . «|: 0\| $e— Cape Marshall . 0 1 30) 90 50 0; 
= — Whymea Road. 45]|3— Cape Berkley . | 0 4 0| 91 21 30 
< Woahoo Island, FE. Pt. 0/sS South | 
‘s North Point . oo — Cape Barrington || 0 48 30; 90 87 0 
= — Honorooroo Port... 0|| — Cape W oodford 0 56 0 90 36 0 
3 Var. 10° 0’ BE. — Cape Rose. . [1 0 ye 90 52 0 
BS an Whymea Bay Oo}; — Cape Christopher | 0 51 0) 91 12 0 
— Whyteete Road 0|| James’ Island. . . | 
Morotoi Island, E, Pt. j21 0|| — Cape Stephens. | 0 5 0) 99 22 0 
Ranai Island,N.W.Pt..20 0|| — Cape Nepean 028 9 96 26 Oo 


Gardner’s Island . 


New Guinea, 
— Cape Saley. . J 1 
— Cape of Good Hope} 0 
— Cape Dory or 


— Cape Valsh . | 8 
— Cape Rodney . .}10 
— South East Cape .| 8 
— Riche Island, 

North Point, 8 
— Cape Longuehue .| 7 
— Cretin Is., S. end | 6 
— King William’s C.| 6 
Torres or Endeavour 

Straits, 

— Pandoras’ Reef .|11 
— Murray’s Island .| 9 
— Darnley’s Island .} 9 
— Halfway Island  ./10 
— Boeby Island . .}10 
— Turnagain Island .] 9 
— Deliverance Island} 9 
Louisiade Islands, 

— Satisfaction or 

Roussel Island, 

Cape Deliverance {11 
— Renard Is.,W. endj10 
— St. Aignan Island, 

Cape Henry . .j10 
D’Entrecasteaux Is, 

Cape Pierson . .| 9 

— Jouveney Island .| 8 

— Jourien Island | 8 
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(83) Places. Lat. S. 
ere a 
James’ Island, 
— Sugar Loaf. . | 0 18 
Narborough Island, 
— Cape Douglas. .| 017 0 
— Cape Hammond .| 0 32 30 
Enchanted Island 031 0 
White Rocks . . 0 33 36 
Norfolk Island, 
4 — East Point . . 041 O 
S— West Point . .| 040 0 
~ — North East Point | 0 33 36 
» Barrington Island, 
& — North East Point -| 0 49 
x— South West Point | 0 55 
= Crossman Island , .| 0 57 
© Bruttle Island. . 0 59 
Chatham I., E. Pt. .| 0 49 
— West Point . a | 
Hood Island, 
— Gardner’s Ba | 118 
Champion fabad | e «| 114 
Enderby Island . .| 1 17 
Watson’s Island .. .| 1 20 
1 


23 


XXII. Islands, Rocks, and Shoals in the 
SOUTH PACIFIC OCEAN, 


South 


26 
20 


Flat Point . . ,| 0 46 
22 


3 
42 


TABLE LVI. 
LATITUDES ann LONGITUDES, 


(84) Places. 


D’Entrecasteaux Is., 
— Trobriand Islands, 
Cape Denis. . . 
— North Island . .| 8 
Laughlan Is., S. end | 9 ¢ 
Jones’s Islands, 
— Pocklington’s Reef, 
Southend . . ./10 
Stephens Island , . 
Tiger Island . . 
Matty land . . . 
Durour Island. . . 
Exchequer or Bou- 
gainville’s I.,S. end 
The Hermits, N.E. end 
Commerson Island ,. 
Anchorites Is., S. end 
Sidney’s Shoal . . 
Admiralty Islands, 
— Grand I., N.W. Pt. 
South East Point . 
— Negrols.,N.E. end 
— Purdy’s Is., E. end| 
— Elizabeth Island . 
— Jesus Maria Island, 


es pt et 


veoocr = 


ue 
sooo o. 


1 

2 

1 

2 
255 0/146 49 
2 22 
2 
2 
3 
2 
1 
1 


South East Point , O}147 48 O 
— VandolaIsland , 14 148 10 0 
— Raphael Island 5 O17 42 O 
— Circular Reef . | 18 O147 40 & 
Portland Is., N. E. Pt.; 2 36 0/149 38 45 
Mathias Island . . 32 01149 30 
Squally Island . .| 1 39 01150 30 
New Hanover Island, | 
— North Point . 22 O50 O 


~ 
cl 


— eee 


— Q. Charlotte’s C.. 
Byron or Mausoleum 
Island? 3". hi 
Sandwich I., peak . 
New Ireland, 
— Cape Byron 2. 
— Point Hunter. . 
— Port Carteret. . 
— Port Gower or 
Prasima” ’.°*. 
— Cape St. Georg 
— Cape St. Mary 
— Slinger’s Bay . 
Fisher’s I., N. W. Pt. 
Day’s or Deny’a I. . 
Oraison Island . . 
St. John’s Island. . 
Sir Charles Hardy’s I, 
Fead Islands, N. end 
— Goodman’s Island 
_ Bank ° pits es a 
Lyras’ Shoal, mid, . 
New Britain, 


31L 0/149 50 


44 30/150 31 
55 0/150 44 


46 0150 33 
37 0}152 38 
39 Oj152 43 


47 45)152 48 
51 0/152 48 
01153 18 
10 O52 O 
32 O152 12 
10 Oj152 45 
30 O}153 28 
52 0154 0 
41 0|154 20 
9 O54 22 
27 01154 45 
33 0/154 37 
53 O}153 28 
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— Cape Stephens .|4 0 O/152 0 
— Cape Palliser . .| 4 27 0/152 14 
— Cape Buller . .}5 8 O1152 9 
— Cape Orford . .| 5 34 O52 4 
— Port Montague .| 6 01150 3 


TABLE LVI. 
LATITUDES ann LONGITUDES. 


(85) Places. 


| 


New Britain, Gower’s Island . .| 7 
— South Point a O}149 32 0O Carteret Lie N.W. Pt! 8 
— Cape Ann cits Oj143 24 0} Arsaeedes L., 8S. Pt. | 9 
— Cape Glocester J 5 28 20/145 25 0} Contrariety or Smith’s 
— Cape Raoult . OjL48 55 0 lalands) 63 #4. ste 
— Cape Lambert. Qj}151 41 0} Three Sisters, mid. ./10 
Isleof Man ... O}1151 56 Ol San Christoval Island, 
Duke of York’s [sland, — C. de la Recherche|10 
— Port Hunter . 30/152 10 0||/ — Cape Philip . 10 
Duportail Island . O}151 17 O}| — Cape Sidney . «10 
Willaumez Island, $s — Cape Surville or 
— South Point, . . 3149 59 45/8 Oriental . . . [10 
Raoult Island . . . 0}149 57 0} & Deliverance Islands, 
Merite Island . . . 0|149 4 40 = — Sta Anna ~ 2110 
North Island . . . 01149 4 40/|5 -— Sta Catalina . ./10 
Sir G. Rooke’s Island, » Bellona Bank . . JIL 
— South East Point . 01147 56 0 'g Rennell Is., S. E. Pt j11 
— North West Point 0|147 44 Ol} S Well’s Reef . . 12 
Volcano Island . 0/148 4 0|-3 Pandoras’ Reef,N.end|12 
Crown Island, mid. . 0|147 20 0|@ Indispensable Reef, 
Long Island, S. Poin 01147 0 O Sendo asi. 12 
—j Green or Shortland I.| 4 
Bouka Island, N. Pt. 30}154 35 0O|| CocosIsles .. J 4 
Bougainville Island, ; Mortlock Island . 4 
— Cape Laverdy. 5 32 0j154 55 0|| Ontong Java Islands, 
— Cape LeCras . .| 5 54 01155 5 0} — PortPrincessa,ent| 4 
— Cape Friendship .| 6 45 0j155 42 0) Lord Howe’s Group | 5 
Shortland Island, Candelaria Shoals. | 6 
— Cape Stephens | 710 0 155 40 0O Bradley’s Shoals . 6 
Treasury Is., largest .| 7 23 30/155 29 15}, Stewart’s Islands. .| 8 
New Georgia, 
— Cape Cornwallis | 6 36 0j156 20 0) LowlIslands .. 10 
— Cape Alexander | 6 48 Oj|156 4 0|| Swallow Island . 10 
— Choiseul Bay, ent] 7 0 0/156 3 0} Duffs Group . . | 9 
— Cape Fleurieu .| 7 33 0/157 13 0j| VolcanoIsland . ,j10 
— Cape Labé. . 4.7 15 ({157 14 0] .Santa Cruz or 
,— Cape Allen . | 7 28 Oj156 14 0 3 Tomarico Island, 
&— Cape Middleton || 7 44 0156 26 0/5 — Cape Byron . ,10 
= Cape Satisfaction, ~ — Cape Boscowen_ ,/10 
.— Eddystone Island | 8 18 0156 30 40], 3— Cape Mendana_ .|10 
Cape Deception . .| 8 41 0/157 19 30/5 — Cape Barrington ,}10 
Cape Pleasant. . .| 8 45 0/157 35 30])~Guerta Island . . .}10 
Cape Nepean. . 8 51 301157 48 45] § Lord Howe’s Island {10 
SCape Pitt . . . .| 8 53 0158 14 30) Edgecumbe or Paiou 
§ Bridgewater Reef | 8 54 0j157 12 0)/§ Island, 
3 Princess Island , 9 5 O57 6 O dm North Point . .jI1 
“Manning Strait . 7 38 0j157 30 0} Oury or Whanoo L., 
Ysabel Island, = — West Point ATL 
— Cape Comfort. .| 7.15 Oj157 45 0/|= Recherche or Pitt’s L.|11 
— Port Praslin . 7 25 6|157 56 0! Tucopia or Barwell’s 
— Estrella Bay . 748 0158 44 0 Island. . . . 2 
— Cape Freycinet .{ 8 25 0|159 5 0|| Cherry Island. . jl 
Nairn Island . . .| 7 42 O|157 52 O}] Mitre Island . . Jil 
Ortega Island. . .| 8 10 0j159 22 Oj; Pandoras Reef . .j12 
Murray’s Island , 9 3 O|158 50 O! 
Cape Marsh . . 9 6 O|159 8 O}] North Rocks . . 13 
Guadalcunar Island, Bank’s Islands, 
— Cape Esperance .| 9 16 gol1s9 45 35)) — Sugar Loaf Island |13 
— Cape Hunter . .| 9 49 30,159 57 O} Blithor TorresI. 413 
— Cape Henslow 959 ol160 39 O}} StarIsland. . . 14 
— North East Cape .| 9 49 15)160 53. 0 Espirito Santo Island, 
Ramos Islands. . 18 23 O|160 4 0; 


51 
53 
1l 
3e 
20 

6 


46 
50 
36 
45 


50 
30 
15 
#2 
26 


11 
13 
57 
24 


Al 
51 
54 
49 
40 
49 


15 


22 
40 


15 
35 
55 
11 


16 
52 


29 
22 
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| Lon. E. 


0|160 28 


52 
8 


— Cape Cumberland |14 38 45,166 49 30| 
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TABLE LVI. 
LATITUDES ann LONGITUDES. 


(87) Places, | Lat. 8. (88) Places. 


Espirito Santo Island, Cato’s Bank . . «23 3 
— Cape Quiros . ./14 Midday Reef . . ./21 0 
— Port Vera Cruz .|15 Frederick’s Reef, 

— Cape Lisburne  .|15 —N.E.end . . .|20 0 
Bartholomew’s Island|15 Saumarez Shoal . ./21 0 
Leper’s Island . .|15 2: Welsh’s Bank. .° .|21 0 
Aurora Island, N. Pt }14 Horseshoe Bank, 

Whitsun Island, 8, Pt.}15 — Northend . . ./20 0 
Ambrym Island, E.Pt./16 Alert’s Reef . . «17 0 
Paoom Island . . .|16 : 0|| Diana’s Shoal . . ./15 0 
Mallicolol., N.W. Pt./15 0|| Lihou’s Reef . . ./17 0 
— Port Sandwich _ ,.'16 0|| Farquhar’s Groupe, 

¢ Maskelyne Islands |16 0|| — Westend .. .|17 0 
33 Johnston’s Islands ./16 0|| Vine’s Bank .. ./I7 0 
-SApee Island, mid..  ./16 0|| Tregosse Is., E. end .|17 0 
ty Shepherd’s Is., largest 16 0|| Middleton’s Island ./28 0 
= Monument Island. ./17 0|| Middleton’s Shoals .|29 0 
= the Three Hills . .!17 0|| Golden Grove Shoal .29 0 

The Two Hills. . [17 0|| Elizabeth’s Reef . ./30 0 
Montague Island. ./17 : 0|| Lord Howe’s Island .|3! 0 
Hinchinbroke Island ./17 0|| Ball’s Pyramid . .|31 0 
Sandwich Island,S.Pt.:17 ON 2 Resk 2:7 ¢. is cealae 0 
Erromango Island, Island . . «+. «3l 0 
— Traitor’s Head. ./J8 46 0|169 28 0j}} Rock... . . . «23 0 
Tanna Island, N. Pt.|.9 20 0|168 30 0|| Norfolk Island. . .|29 0 
— Port Resolution .19 32 25/169 44 30)| Var.11°0' E. 
Var. 7° Li’ BE. Three Kings Islands .'34 48 
Errynam Island . ./19 31° 0/170 20 0 
Annatim Island . ./20 3 O|170 4 0|| Northern Island, 

C. Maria Van Diemen 34 58 
Huon Is,, N. Reef ./17 0|| North Cape. . . 4/34 48 
Point Tonnere. . .|20 0|| Bay of Islands, 

. Port St. Vincent . .|22 0|| — Kororadicca . .|33 55 
-s Cape Prince of Wales 22 0|| Bream Head . . «35 5 0 
s Q. Charlotte’s Cape ..22 0|| Cape Rodney . . ./36 0 
Cape Colnet . . .'20 0|| River Thames, 

SBalade Harbour . .'20 0|| -- Bottom, in 4 fms, .|37 30 

3 Beaupre’s Islands. . 20 0||} Cape Colville . . .'36 0 
>Isle of Pines . . .j22 0|| Mercury Bay, anchge. 36 0 

Southern Reef. . .|23 0|| White Island, Volcano 37 45 
| Mount Edgecumbe '37 0 
Durand’s Reef. . .'22 0|' Cape Runaway . |37 33 0 
Walpole’s Island. ./22 0|| §Cape East . . . 137 15 
Matthew’s Island. .'22 § 0} 2Tolaga Bay. . . .|38 0 
Hunter’s Island . .22 0| 3 Young Nick’s Head ./38 19 
New Shoal. . . ./20 0||STable Cape. . . .'39 0 
Low Islands .. .(21 0||2 Portland Isle . . .|39 0 
Lamb’s Island. . ./21 0|N Cape Kidnapper . ./39 0 
Baring’s Shoal, N. end.20 0}| = Cape Turnagain . .|40 0 
— Southend . . .'21 0|& Cape Palliser . . ./41 45 
Booby Shoal . . (21 0|| Cape Tearawitte , .41 45 
Minerva Shoal . .20 0|| Cape Egmont . . .|39 0 
Bellona Shoals. .'20 0|| Jokeehangar River, 
Ball’s Rocks . . 21 o|, —South Head . 35 45 
Avon’s Islands . .19 30|| — North Head . .35 45 
Bampton’s Shoal, Var. 13° 20’ E, 
— Chesterfield’s Bank 19 0]| False Inlet. . © «85 17 
— Northend , . .18-; 0|! Southern Island, | 
Kenn’s Reef . . .|21 0|| Cape Farewell. . ./40 0 
Mellish Keys, S. end 17 0|| Cape Stephens. . ./40 0 
Young’s Reef, S. end)17 0}; Q. Charlotte’s Sound, 
Wreck Reef, Bird I. !22 18 50\! — Port Jackson . .|40 58 451174 30 


Places. 


(89) 


Q. Charlotte’s Sound, 
— Ship Cove. . dl 
Var. 15° 9’ E, 
— Cape Koamaroo 
Cape Campbell . 
Bank’s Peninsula, 
— South Point. . ./43 
¢ Dangerous Reef . {45 
= Port Otago or Oxley 45 
=Cape Saunders. . [45 
“Cape West. . . .|45 
= Dusky Bay, 
= — Port Pickersgill 
N Var. 13° 49’ E. 
s— Anchor I., Harbour|45 
SSolander Island , .}46 
Stewart’s Island, 
— Cape South West 17 
— Southern Port, 
Cable Island , 
Var. 16° 54’ E. 
Traps, North end. .j47 
Snares, N. E. Island ./48 


41 
41 


45 


47 


Macquarie’s I., N, end|54 
— Caroline Cove, .j54 
Var. 8° 56! E. 
Bishop and Clerks ., 
Judge and Clerks. . 
Royal Company’sI. . 
Ld.Auckland’s Group, 
— North West Cape |50 
— South East Cape ./50 
— Disappointment [. |50 
— Endersby L., N. Pt.j50 
— Bristow’s Rock {50 
Campbell’s I., mid. .}52 
Var. 12° 0’ E. 
Penantipode Island 
Bounty Islands. 
Chatham Island, 
— Cape Young, N.Pt}43 
— Cape Munnings, 
N. E. Point... , 
— Point Allison, 
N.W. Point. , 
— Skirmish Bay. . 
Var. 14° 0/ E, 


55 
54 
49 


[49 
AT 


Rosaretta Shoal . 
Kermadee Islands, 
— Raoull., N.W. Pt./29 
— Macauley Island ,}30 
— Curtis’s Islands  .|30 
— L’Esperance, or 


Brind’s Rock , .{31 


Fidgee Islands, 
— Paoo I., N. Point {16 


East Point . . .|IG 


—_—— 


Lat. S. 


‘ 


5 56/174 


6 
33 


52 
24 
46 
53 
54 


38 
32 


32 


36 
30 


10 
16 
16 
36 


27 


TABLE LVI. 
LATITUDES ann LONGITUDES. 


a ° 


5/174 
16)174 


15/173 
26|170 
25/170 
55/170 

0)166 


26/166 


15/166 
45/166 


37|167 
55|167 


7|167 
48/166 


0159 
0|159 


0}159 
0}160 
0} 142 


0|166 
0)166 
30)165 
30/166 
0) 166 
0/169 


O}179 
O}178 


West 


0)176 
0}175 


0}176 
0)175 


U 


26 


42 
20 


45 
35 


44 
2 
10 


0 
17 
52 
28 
21 
30 


40 
25 


14 
40 


34 
48 


Lon, E, 


” 


0 
1 


A 


coo cooocco oco — i) 


—) 


i) 


0 
0 


30/175 25 40 
0)158 30 0 


East 


O}173 45 0 


West 


45178 5 0 
O78 32 0 
15]178 43 30 


30)178 55 0 


East 


o179 O O 


O79 32 0; 


dly Islands. 


reen 
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(90) Places. 


— Paoo Island, 
Sandalwood Bay _ .|/16 
— Navihilivoo Island, 
North Point. . .|17 
South East Point ./18 
— Mywoolla Island, 
S.W. Point. . ./19 
— Eliza’s Reef, N.end|18 


— Turtle Island . .|19 
— Providence Reef .|18 
— Duff's Reef. . ./16 
— Scylla Reef. . 16 
— Farewell Island .|15 
Tonga Islanas, 
— Ono Island. . ./20 
— Coral Reef. . ./20 
— Two Small Islands/21 
— Pylstaart Island, 
S.W. Point . |22 
— Eoual.,EnglishRd,|21 
— Tongataboo, Obs. ./21 
— Culebra’s Bank  ,/20 
— Annamocka ,. .|20 
— Kotou Island. . 
— Toufoa . ... 
- Koay, uk gi. 
— Hapaee Islands, 
Lafagoo . . . 
— Latté Island . 


19 
18 


£3 — Vavao, Port Refuge)18 


— Amargura . , .I17 

Navigator’s Islands, 

— Pola orOteewhy L., 
North East Point .|13 
South East Point ./13 

— MananooorPlattel./13 

— Oahtooah or 
Oyolava Island, 
East:Point) . . . 

— Maouna or 
Tootooillah Island, 
West Point. . . 
Massacre Bay . . 

— Tabootaboo. . . 


—LeonéorOlooshonga|14 
— Opoun, E. Point . 
— Rose or Kordiuco 
Island e e Pe ° . 
Rotumah Island . . 
Onascuse or Hunter’s 
pr ae ee a 
Horne Islands. . 
Enfans Perdu. . 
Wallis’ Island. . . 
Boscawen Island . 
Keppel’s Island . 
Onookfou or Proby I..|15 


Charlotte’s Bank. «11 


30 


28 
2 


10 
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TABLE LVI. 
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(91) Places. Lat. S. | Lon. W. | (92) Places. Lat. S. 
OLR IS OTR e "#1. 
Solitary Island . .10 46 0174 43 0 Island . . « « « 6 45 Oj160 
Independence or | / East Bauman’s Islands. 11 54 0|155 
Ganges Island . .|10 25 0179 O 9] Flint’s Island . . JL 20 30/151 
Mitcholl’s Groupe, ; Staver’s Island . ji0 4 Oj151 
— Plaskett Island .| 918 0179 50 0 Caroline’s Island. .| 9 57 0/150 
Ellice’s Group, | Vasquez Island . ./24 44 0/175 
— Escape Island. .| 8 29 5179 6 0} Savagelsland . . 19 1 Oj169 
De Peyster’s Groupe, 1 Beveridge Reef . |19 56 0/167 
— Southend... | 8 5 0178 17 0 Palmerston Island .J18 4 0)163 
Netherland Island .|7 7 0 177 33 0|| Cook’s Islands, 
Island . . 7 25 0179 28 0} — Whylootacke . ./18 54 0/159 
Larose Island, S.end|719 017655 o| — Hervey’s Island .|19 18 0/158 
Eeg Islands . . THO SORT AO Ot Okatoolaiai Island |19 51 Oj158 
Sherson’s or Cocal L|6 1 48176 27 3] — MittiaroIsland 19 55 0j)157 
Taswell’s or Saint ; — Wateeo Island. ./20 1 O|158 
Augustine Island .| 5 38 rik 9 50| — Mawti Island . .J20 8 O/}157 
Hope or Hurd Island | 2 50 ri 0 0| — Mahowara Island 120 15 0/157 
Jesus Island . 6 45 0171 30 0} — Rorotonga or 
Muattoelee or Keunedy i Orurute Island . ./21 20 0,160 
Island. . . -| 8 10 0168 0 0} — Roxburgh Island |21 36 0j159 
Shank’s Island ?. .| 0 25 0163 0 0|| — Mongeea Island .|21 57 0/158 
Pleasant Island . .| 0 25 01167 10 0 
Ocean Island - - 048 0169 49 O| Island . (26 0 0/160 
Doubtful Island { .| 3 10 01170 0 || Bellinghausen’sIsland|15 48 l154 
Rotche’s Island . .| 2 32 0176 9 Oj} Scilly ‘Yslands . - (16 28 01155 
Eliza’s Island? . 2 5 0176 0 0, Mopeelia Island . .16 46 Oj154 
Arthur’s Island . .| 3 30 0176 OW.|| Tabue Island, N.Pt. 116 11 O|151 
Island .. e . «250 017018 E.|| Maurua Island . - Al6 25 0/152 
West Bolabola Island . .|16 27 Oj151 
Kemin Island . . .| 4 45 0173 40 0|] OtahalIsland . . .j16 35 O/151 
Rock. . . . « .|5 38 0/172 53 45], Ulieta Island, 
Island . . - .| 3.41 0172 52 0/3 — Port Ohamaneno 16 45 32/151 
Gardner’s Taam ae | 430 0174 22 O § Huahene Tsland, 
Mary Letitia’s Rock .| 4 46 0173 19 0|< — Port Owharre . [16 4% 49/151 
Dangerous Reef . .| 5 38 0173 83 0)|=Saunders Island . ./17 28 0/150 
Elizabeth's Island | 4 27 0/172 21 0-8 Eimeo Island, 
Sidney’s Islands . ‘| 428 O171 21 0 a Port Talou . . 17 30 0/150 
Phenix Island. . .! 3 35 0170 40 0O|| Otaheite Island, 
Burney’ s Island - .| 3 30 01171 20 O| — Point Venus . .17 29 12)149 
Mary’s Island. . .| 245 0/172 0 0} Vur. 6° 50'E. 
Enderby’ 8 Island . | 3 6 O71 11 0} — Oiatipeha Hr... .|17 46 28/149 
Farmer's Island . .; 2 53 0|170 46 0j| Tethuroa Island . 17 6 0|149 
D. of York’s Island .| 8 33 0172 0 0j|| Maitea or 
Duke of Clarence’s I.) 9 12 0/171 30 0)| Osnaberg Island . ./17 49 10/148 
Quiros Island?. . .|/10 40 0/170 6 O 
Island . . . « «| 6 34 0/166 30 0|| Peregrino Island . .J14 42 Oj151 
Rock, . . « « «1046 0/166 6 Oj] Fugitive Island . .|15 30 0/150 
Danger Islands. .J10 15 0/165 58 0j|| Recreation Island. ./15 31 0|150 
Suwarrow Islands. ./13 20 0/163 30 0! LazaroffIsland . ./14 56 0/149 
Reirson’s Island . ./10 6 0\160 55 0 Krusenstern’s Islands|i5 0 0/148 
Humphrey’s Island ./10 33 0161 0 O| Matialsland . . ./f5 52 30/148 
Bennett’s Island . .| 8 54 0/159 45 0O pete Islands, W. end 15 O O/148 
Jarvis’s Island. . .| 0 24 0/159 58 O|}S— East End . . .{15 16 30/147 
Piscado Island. . ./10 36 0/159 25 0O/|=@ = Labyrinth Island . ./15 38 0/148 
Penrhyn’s Islands 9 1 30/157 34 30'|2 Rurick’s Is, W. end. 15 20 0/146 
Var. 8° 28’ E. 3 —Kast End . . 15 20 O|146 
Starve Island . . .| 5 43 0/156 30 0 S King George’ s Islands 
Maldon Island . .| 3 58 30154 58 O| — Twokea. . . .J14 37 0/145 
Starbuck island, . .| 5 24 0|155 50 Oj|/ —Oura... 14 41 01145 
Independance Island.| 4 10 0)154 30 0] Romanzoff Island . 14 57 20/144 
Bunker’s Rock. . . 0 17 0/160 40 0 Carlshoff Island . .J15 27 Oj}145 
Broke Island . . .| 1.13 0|159 30 H Elizabeth Island . .]15 56 0/146 


Lon. W. 


; a“ 
48 0 
10 0 
53 30 
50 0 
25 0 
18 0 
a758 
30 0 
lo 0 
41 0 
54 0 
23 0 
54 0 
15 0 
20 0 
57 0 
0 0 
18 0 
7 0 
59 0 
30 0 
30 0 
8 0 
48 0 
8 20 
46 20 
35 0 
36 20 
7 36 
40 50 
0 0 
28 46 
7 20 
33 35 
3 20 
42 0 
52 0 
0 0 
10 0 
45 36 
18 30! 
27 30) 
12 0 
31 0 
57 0 
35 30 
} 
15 30 
5 26 
28 3v 


. TABLE LVI. 335 | 
LATITUDES anv LONGITUDES. | 


(93) Places. Lat. 8. | Lon. W. |] (94) Places. Lat. 8. | Lon. W. | 
neta...) -yOoa-tan ll | Oc ncds smn lnm epee Oo ihn Rl - Oran dar IS 


Palliser Island . 15 34 25146 6 50) St. Paul’sI.,W. Pt. 19 46 O'145 5 0 
Two Small Islands .|15 80 0/146 20 50] Margaret’s Island. 20 26 0143 24 0 


Greig’s Island. . 16 11 0/146 22 0] Blyth’s Island. . 21 38 0/140 38 0 


Wittgenstein Islands, Carysfort L, E. end .|20 44 50138 19 30! 
—Northend. . 16 1 0/145 39 0] Osnaburg L., E. end 21 50 80138 44 30 
MyloradowitchIsland Duff's or High Island'20 80 0136 40 0 
—Northend. . |16 42 0145 19 0] Lord Hood’s Island |21 30 50135 33 0 


Tchitchagoff Islands, Gambicr’s Islands, ./23 8 20,134 55 20 


— Westend. . 16 52 alee 58 


0}, Crescent Island , 23 20 30184 35 0 
Sackin I., 8. E. end J16 31 0144 12 0 
: Adventure, or | Washington Islands, 

§ Guaravalsland j17 4 0144 30 0) — Fattouhou Island, 

@ Chain Island . . 17 26 0145 38 0) N.E. Point. . | 750 0140 6 0 
™ Philip’sIsland. . 16 34 0143 57 0) —Hiaou L., 8. Point} 7 5% 0140 13 0] 
Koutousoff Island 16 36 0j\143 45 30)| — Mottuaity Island.| 8 37 30140 20 0 

“ Jermocloff or Holt’s1.J16 21 45|143 9 20\| — Noukahua Island, | 
Fourneaux Island 17 5 0/143 16 0 Point Martin 8 57 01389 82 30 
St. Quintin’s Island 17 20 0/148 48 0).¢ Point Anna Maria,| 8 55 30189 30 45 
Bird Island . . J17 48 0/143 10 0) § Point Tchitchagoff, 8 57 0139 42 15) 
Bunyer’s Group . {18 12) 0/143 20 0/3 — Ouahouga, or 
Wolchonsky Island |15 52 0/142 14 0) 2 WashingtonIsland, 

Barclay de Tolly I. J16 13 0j142 29 0) § South Point, 8 58 151389 13 0 
Nigeri Island . . 17 42 Q)142 48 0/3 — Ouapoa I., N. Pt. | 9 21 30139 39 0 
Doubtful Island . 17 20 0/142 38 0/\S — Lincoln Island. 9 29 80.139 33 30 
Two Groups . . 18 12 0|142 17 O|/% Marquesas, 
Lostange L., E. Point |18 43 0/141 48 45|| — Tetugoa Island 9 24 30138 29 30 
Pr. Wm. Henry’s I. 19 13 50/141 17 O|] — Ohevahoal.,W.Pt.| 9 44 0188 51 OF 
Resolution Island. .|17 24 O41 39 O East Point . | 942 01388 82 0 
Disappointment Is. |}14 6 0140 58 0O|| — Taowatte Island, 
Dogs’ Island 14 50 0/188 52 30! —- Resolution Bay. .| 9 55 80138 50 10 
Arackchiff Island, 15 51 0/140 52 0|| — Motane Island. 957 01388 382 0 
Enterprize, or — Ohitaheooh, or | 
Predpriatre Island.|15 58 15|140 11 30 Magdalen Island 10 25 01388 28 0 
Moller, or 
Freycinet’s Island, St. Juan Baptista I. 24 0 0139 0 0 
— North East Point.17 43 0/140 37 0] Incarnation Island .j24 45 0136 40 0 

| SBow Island, N.E. Pt.|18 6 01140 57 0! Martha’s Island . .24 3 0131 20 0 

ka aber Island . 19 11) 0140 15 0] OcnoorBond’s Island)23 57 0131 5 0 
= Cumberland Island 19 18 0140 47 0)  Pitcairn’s Island . 25 4 0180 9 380 

"S Narcissus Island. .J17 25 0139 15 0)| Henderson’s Island ./24 21 0128 20 0 

SW Island A16 0 O189 0 Oj} Elizabeth’s Island ./24 26 0127 50 0 

2 David Clerk’s Island. 1719 0138 30 O|| Ducie’s Low Island ./24 40 0124 46 0 

= Thrum Cap Island 18 80 0139 8 O|| Easter I., Cook’s Bay!'27 9 30109 25 20 

SLagoon Island. . J18 43 0138 47 0 Salas y Gomez Island 26 27 15105 20 30 

= Ugmont Island . j19 24 0139 14 0}  Pilgrim’s Island . 124 40 0104 40 0 
Q. Charlotte’s Island|19 18 0138 42 0} St. Felix Island . ./26 20 15; 80 10 0 
Whitsun or Trinity 1/19 24 0138 37 0] Ambrose Island , .'26 20 0! 79 51 0) 
Shoal... J19 30 0137 30 0} Par. 11° 30! £. 

Serle’s I., N. W. Pt.. 18 18 15/186 58 15! Juan Fernandez Is., | 
Minerva, or —Afuera. . . .383 49 0 80 34 
Tonnere I.,S.E.Pt.J18 33 0/1386 1 380)| — Tierra, S.W.Point33 45 0 78 51 13 
| Peter the Ist Island.'68 57 0) 90 46 v 
Remitara Island . 22 43 0152 3 0] Alcxander the Ist I. 68 13 0| 73 10 0 
Ohetiroa Island 99 37, O1560: 40548) vasa eae... yo ee 
Toobouai Island 23 25 0149 23 0)! xxIII. The WEST COAST of AMERICA, 


128 Lap ae o from CAPE HORN to ICY CAPE, 


127 40 0/143 30. O-/-———_____________ | 
j20 38 0143 7 30) Care Horn . . .(55 58 40! 67 12 25 
19 56 01145 6 O| Var.22°30 BE. | | 

121 20 0|143 50 O}| Diego Ramirez Is, 56 26 30. 68 37 0| 
20 9 Ojl44 a 0 | St. Ildefonso Islands. 55 b1 oO 69 10 30! 


Vavitoo Island . 
Oparo Island, . 
Bass Islands “ 
Glocester Islands. 
Surrey Island. . 
St. Elmo Island . 

St. Michael's Island . 
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(95) Places. 
¢ Christmas Sound, 
1}$—_York Minster . 
G, Adventure Cove ° 
- % Doris Cove, E. Pt. 
“Cape Noir or Weg 
& Cape Gloucester . 
Cape Pilar. . . 
The Evangelists . 
Cape Victory . . 


Cape Sta. Lucea 
Cape St. Jago . 
Var. 21° 30’ E. 
Cape Three Points 
Cape Corso. . . 
Guayanceo Is. N. Pt. 
Cape Tres Montes . 
Lemus I., N. Point . 
Guaytecas Is., W. Pt.|: 
Guafo Island, Thiddle 
Chiloe Talend, 
— Point Quelan . . 
Var. 16° E. 
mC MSITO fics). a 
— St. Carlos, Fort 
Point Quedal . . 
Valdivia, Fort. . ./39 
Mocha I., middle. .'38 
Sta Marial. N.W. Pt.'37 
LES AS Say ar 
Conception, City . 136 
Port Conception, 
— Talcahuano. .. 
. Var. 15° 30’ Ey 
‘S Itata River, entrance |35 
11S Topocalma Shoal, mid. 33 


|42 


(41 


36 


ijpSt. Jago, City. . .|/33 
+ Valparaiso, 
S — Rosario Castle. ./33 


© Var. 14° 43/ EB. 
Rio Limari, entrance |30 
Punta de Lengua de 
ee een a 
Port Coquimbo, 
— La Serena, Church 
Canaveral Island . 
Port Guasco, Outer 
Rooke ee 0's Sore. 
Var. 13° 30’ E. 
Copiapo.. . 
Nostra Senora Bay, 
— North Point 7 


.|30 


29 
-|29 


George’s Hill . . ./23 
Mexillones Hill . ./23 
Cobija . . . « .|22 
Tarapaca Hill . . ./20 
Iquique Island . .|20 
Pesagua Point. -|19 
Arica, St. Mark . .|18 
Var. 10° 25' E. 

Ilo. Rape tee ti at [Ad 
Moilendo .. . 4.17 
f Port. Haye 52. 17 


41 & 
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0 

0 

0 

0 

0 

0 
46 0| 75 
26 0| 75 
32 0| 75 
59 0} 75 
6 0| 74 
25 0| 74 
1 0] 74 
41 0| 74 
41 0| 78 
51 50) 73 
5 0| 74 
50 7| 73 
20 0| 74 
1 0) 73 
14 30| 73 
49 10) 73 
42 32) 73 
58 0) 72 
55 0| 71 
26 30| 70 
1 65| 71 
45 0| 71 
16 30) 71 
53 43) 71 
2 0) 71 
27 0| 71 
20 0| 71 
12 0| 70 
31 0| 70 
3 0| 70 
29 30) 70 
17 0| 70 
13 15| 70 
27 0, 70 
28 35, 70 
36 15, 71 
215) 71 
1 ol 72 


eccecen 


30 


) i) os 


coocooecoecoceo 


(86) Places, 


Quilca eo) 6.8 ost 
Pescadores. «. .« 
Port Caballos, 

— Point Nasca . 
Infernal Rock. . 
Mercedes Hill. . 
Los Amigos. 
Sangallan Island . 
Pisco eins t0.. Cea a 


13 
wld 
Canete, Point Frayle |13 


Chilca Point . . 
Morro Solar .. 


~12 


Callao, Castle ine 
Var. 10° 34’ E. 
Lima, City. . . 
The Hormigas or Ants}! 1 
Pescador Island . 
Huauca Point. . 
Patibilea, Road . 
Guarmay R.., entr. 
Santa Toland: he. 
Guanape Island . . 
Pyro ntl: Yomerae : 
La Campana Hill . ae 
Malabrigo Point . . 
Pacasmayo Point. . 
3 Cherrepe Hill, . . 
5 *Eten Hill . . 
a Lobos de Afuera 
‘>Lobos de Tierra 
gAguja Point . 
s Piura River. 
~Payta Point . 
Parina Point . 
Cape Blanco . 
Picos Point. . 
St. Clara Island 
Point Salinas . 
Guayaquil . . 
Var. 9° 5! Ey 
St. Elena Point . . 
Salango Island .. 
Island de la Plata. 
Cape St. Lorenzo . 
Cape Pasado . . 
Quito, City . . 


a. 8 276. 6 cbs 6 TE. SOs 8, © 


co — = = bh 


Cape St. Francisco 
Galera Point . . 
Esmeraldas. . .« 
Point Mangles. . 
Tumaco Island. . 
GalloIsland .. 
Point Guascama . 
Gorgona Island . 
Buenaventura Bay 
Magdalena Bay . 
Chirambira Point, . 
Cerro de Baudo . . 
Cape Corrientes . 
St. FranciscoSolanoPt.] 6 


om RWWN Ne eR OOO 
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ow 
ecscoosooceoose 
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(97) 


Places. 


Quemado Hill . 
Port Penas . 
Garachiné Point 
Isla del Rey, 
— Cocos or S. Point . 
Panama, City. . 
Var. 7° 0’ &. 
Chamé Point . . 
Pomt Mala. « \ 
Point Mariato . 
Quicara Islands, S. and 
Quibo Isle, 
— Port Damas . 
Burica Point . . 
Cape Blanco . . 
Mount Hermosa . 
re Port Culebra, entr. 
SSt. Catalina Point 
Reon. ss 
& Realejo. . . 
~ Point Remedios 
5 Nuevo Guatemala 
& Barra de Soconusco .|15 
©Tchuantepic . . ./16 
Palizada or Acamama!16 
Acapulco, Fort. . .j16 
Var, 8° 40’ E. 
Tetas de Telupan, abt |18 
Cape Corrientes . 
Piedra Island . . 
EUS es ie 
Piedra Blanca . . 
Tres Marias Islands, 
— South Island .. 
— St. Juanito Island |21 
Isabella Island. . .j21 
Gulf of California, 
— R. Mazatlan, entr.|23 
— Port Guaymas,  .|27 
— Espirito Santo I, .|24 
— Cape del Palmo 
— Cape San Lucas 
Todos los Santos . 
Morro Hermosa . 
Redondo Island ,. 
Bay St. Francisco 
Todos Santos Bay, 
Port Diego. . . 
Point Conception , 
Monterey .. . 
Port St. Francisco 
Cape Mendocino . 
Port Trinidad . , 
Cape Blanco or 
Orford ° . . e 
Cape Gregory . -/43 
Cape Perpetua. . .|44 
Cape Foulweather  .|44 
Cape Lookout . . .|45 
Colombia River, 
— C. Disappointment|46 
Vur. 20° 0’ BE, 


a 
weoecooeocoooeocecse 
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(98) Places. 


Gray’s Harbour 
Point Grenville 
15}! Cape Flattery . 


= Port St. Juan . 
=N ootka Sound . 

< , Woody Point . 

~ Cape Scott. . 
= Scott’s or Sartine’ 

S Islands . .. 

5 Point Chatham 

S Pta. de Gonzalo 


ma — oe 


Cape Caution . 
Cape Swaine . 
Calamity Harbour. 
Cape Ibbetson . 
Brown’s Passage 
Cape de Chacon 
Cape de Muzon 


ow 


x3 
§Cape St. James or 
2 Hector .. 
a = Cape Henry 
= Maw koa sis 
3 Point Buck. 
S Point Hunter 
© Langara or 
= North Island 
S = Point Estrado 
° a 
4\| Forrester’s or 
St. Carlos Island, 
— North Point 
Point Bucarelli 
Cape Addington 
Cape Pole . . 
Cape Decision. 
Hazy Islands . 
Cape Ommaney 
Norfolk Sound, 


noqoceoocnceoeococqce $c & 


—_ 


— Cape Edgecumbe . 


Cape Cross. .« .« 
Var, 30° E, 

Cape Spencer . . 
Cape Fairweather. 
Port des Francois. 
Behring’s Bay. . 
Admiralty Bay, 

— Cape Phipps 
Point Riou. . 
Mount St. Elias 
Cape Suckling . 
Cape Hammond . 
Pr. William’s Sound, 
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Lat. N. | Lon. W. 


a 0 4 
Oj123 53 
o)l24 1 
3 30)/124 22 


0}124 
20) 126 
0|127 
o}128 


0}129 
30/125 
0)122 


0|127 
0}128 
30)129 : 
0}130 
0)130 
tie 
30!132 ¢ 


30\131 
0.132 
0132 

0.132 
abe 


0|133 
O31 


— Cape Hinchinbroke 60 
— Port Chalmers. ./60 
Var. 28° 30’ E. 

— Cape Puget . .|59 


Middleton’s or Rose I.|59 


Chiswell’s Islands, 
— South Point 


(—— a) 


— i — i — a — 


anige, 
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Lat. N. 
Pe Wien He hr a OT 


Cape Elizabeth . 59 9 Oj151 27 0 
_Port Chatham. . .J59 14 Of151 14 0 
8 Var. 24° 0! E. 


Places. 


(99) 


Mednoi or Copper I., 
— South Point. 


Anchor Point . . 459 39 0/151 39 0} .St. George’s Islands ./56 
«Fast Foreland. . +60 43 0150 58 ©|3Sea Otter’s Island 57 
“¢ West Foreland. . .J60 42 0/151 16 6] S8St. Paul’s Island . .j57 
Point Campbell . |61 8 O 119 38 0/3 Numwack I., N.E. Pt|60 3: 
Point Harriott. . 160 24 0j151 48 0}3— South East Point ./60 
Cape Douglas. . .[58 52 0/152 50 0 = Matwi or Gore’s L., 
60 


— Cape Upright . 


Point Banks . . 58 40 O}152 6 0}]°St. Lawrence Islands, 
zl St. Hermogenes§ 4/58 10 30/151 30° oO} 3 —S.W.end . . ./63 30 0/171 36 0 
"Cape Grenville . 57 34 30/152 0 O|°—N.W. Point . |63 46 0171 41 0 
Port St. Paul. . {57 46 50/152 18 0] — East Point . . |63 18 0168 48 0 
“Cape Barnabas, . [57 10 0/152 39 0|| King’s Island. . .|64 52 0168 0 0 
Cape Trinity . . .|56 45 0/153 38 0] Bhering’s or 


Gwozdiff's Islands |65 50 ie) 0 
Aleaska, S.W. Point .|54 41 0163 26 
Bristol Bay, 

— Ougaguck R. entr|57 52 0157 24 
— Cape Etolin . 58 38 0'158 20 
-- Cape Constantine |58 28 0358 45 


— a) 


Trinity Islands . . 
Tschirikoff 1., N. Pt 
Schoomagen Islands, 
— South Island . . 
Halibut Islands, 
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— Sannagh Island .}54 27 0/163 0 0|| — Hagemersta Island, 
Isanotzky Str., S.entr.J54 34 0/163 28 0 Cape Calm . . ./55 33 30161 11 0 
— Cape Newham. ./58 41 30162 19 30 
Ounimack 1.,N.W.Pt.154 45 0/165 10 0j]| Shoal Ness. . |60 0 0162 0 0 
—N.E, Point. . .[54 50 0/163 35 0/|§ Shallow Water Point |63 6 0162 40 0 
Oonalashkal.,S.W.Pt.J53 13 0/167 47 0|/§Cape Stephens. . [63 33 30,162 17 0 
— Port Iuluk . .J53 52 25/166 32 0||S Cape Denbigh. . ./64 23 0161 40 0 
Var. 19° 24’ E. “Cape Rodney . . .j64 39 0/166 20 0 
Oumanack1.,S.W. Pt.J52 51 0/168 50 0/|§ Cape Prince of Wales\65'35 30168 0 0 
— N.E. Point . [53 30 Oj167 16 0|/2Cape Lowenstern. 66 16 0165 35 0 
Younaska Island, mid |52 40 O|170 15 = Kotzebue’s Sound, | 
Tschegoula Island. .[52 40 6/170 34 — Cape Krusenstern |67 4 0,163 37 0 
Amoughta Island . .J52 33 O|L70 45 Var. 25° 40' E. 


— Chamuiso Island 
Var. 31° 10/ EB. 
Point Hope. . 
Cape Lisburne. 
Icy Cape .. 
Point Barrow . 
Var, 42° 15’ E, 


_Seguam Island, mid .|é 
§,Atcha Island, N.E.Pt. 
S— West Point. . |52 5 0j175 20 
.2Sitchin Island. . .J52 11 O|I76 5 
“5 Adach Island, N.E.Pt.j52 5 O}176 22 
=< Kanaga Island, N. Pt.}52 4 O}176 50 
= Tanaga Island, Bay .|51 52 Oj178 2 
‘= — North Point . ./52 3 O|178 0O 
5 Brulee Island . . .|/51 56 O}178 40 
=Amatignac Island. 51 5 0|178 55 


Point Beechey. .« 
Return Reef . . 
Var, 41° 20’ E. 


eeoeoqoocececcoocoeo 


Amtschitka I., W. Pt.J51 13 Oj178 45 
— East Point . . .{51 34 Oj179 40 
Rat Island. . . .J1 48 O}178 24 
TschegoulaIslands .j52 14 Oj178 22 
Kiska Island, N. Pt, .J52 22 Oj177 50 
Boulayr Island . .J52 42 O/176 33 
Semitsch Islands. ./53 6 O|174 0 
Agattou Island . ./52 43 Oj173 38 
Attou I., E Point .J52 58 0j|173 30 
— West Point. . .|52 58 0}172 17 
— Massacre Bay. .[52 50 Oj173 12 


et 
bh 
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—_— 
da 
or 
— 
© 
an 


‘= Point Manning . . 
S$ Point Griffin . . 

siIcy Reef . . . 46 
= Demarcation Point . 


oucounsc co 


= Babbage R., Pt. Kay|69 18 45|138 10 30 
< Var. 46° 16’ E. 
Point Sabine ... 
Pelly Islands . . . 
Garry I., N.W. end {69 


eoccooceoceecscose 


Bhering’s Island,S Pt.|54 21 Oj166 44 
— North Point . .[55 22 0/165 56 
Mednoi or Copper I., Ellice I., S.W. side . 
— North Point . .|54 52 30/167 32 3 Refuge Cove 


oo 


(101) Places. 


Toker Point .. |69 
Var.50° 43’ E. 

Point Warren. . ./69 
Cape Dalhousie . ./70 
Cape Bathurst. . .|70 
Cape Parry . e 470 
Var. 55° 47’ E. 

Burrow Island. . .'69 
Cape Lyon. . . 


Point Deas Thompson, 69 
Var. 53° 0’ E. 
Point Tinney . . 
Point Clifton . . . 
Cape Sir W. Hope 
Point Cockburn . 
Cape Krusenstern 
Bazil Hall’s Bay, 
— Cape Hearne . 
Cape Kendall . . . 
Point Turnagain . . 


-|69 
69 


68 


XXIV. The EAST COAST of AMERICA 
from CAPE HORN to CAPE SABLE, 
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TABLE LVI. 
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O}114 
58 26/115 
18 50/109 


South 


Cart Horn. . 
Var. 22° 30’ E, 
Barnevelt’s Islands 
¢Evout’s Islands . 
Le Maire’s Strait, 
&,— Cape Success . 
=z — Bay of Success 
3 Staten Island, 
hy Cape St. John. .|54 
ao New Year’s Harb.|54 
Cape St. Ines . . .|5-4 
Cape St. Sebastian ./53 
Strait of Magellan, 
— Queen Catharine’s 
Foreland. . . 
— Cape Virginis . 
— Cape Froward . 
River Gallegos, 
-— Graciosa Dios Pt. |51 
— Cape Fairweather [51 
©Sta. Cruz Harbour’ .j50 
SPort St. Julian . .|49 
nw Port Desire. . . .|47 
Cape Blanco .. .|47 
St. George’s Bay, 
— Port Cordova . 
— Port Malaspena 
Port Melo”. >.”. 
Port St. Antonio . 
Port St. Elena, obs. 
Port Valdes . . 
Rio Negro, entr. . 
Cape Corrientes . 
River Plate, 
— Cape St. Antonio ./36 
— Point Piedras . .|35 


195 
(55 


55 
54 


52 
[93 


gonia 


45 
+5 
45 
45 
44 
42 
-40 
138 


|52 % 


49 
33 


1 
48 


42 
4 


(55 58 40 


0 
15 


30 
2 


10 
55 
0 
0 


West — Joad Dias Point .:26 
67 12 25}| Guaratuba River, | 
— Caiuva Mount. .'25 
66 40 30]| Itacolomi Rocks . ./25 
66 40 30)} Coral Rock. . . .25 
SB Paranagua Bay, | 
65 12 30)|}> — South Island . ./25 
65 10 <0||0 Var. 7° 39’ E. 
“sIsle do Mel, S. end .25 
63 40 30 3 Figo Rock «2 » 2d 
63 59 30]|= Castillo Rock . . .25 
66 57 45||~ Bom Abrigo Island .'25 
67 59 0 3 Jurea 1517) SPP: SE | 
Little Queimada I. .24 
Grand Queimada I, .24 
68 32 30|| Laage Island . . .24 
68 17 40]| Port of Santos, 
7111 Of — Point Taypu . .i24 
Var. 6° l' E. 
69 7 Ol] — Point Grossa . .|23 
69 O O}| Moelalsland . , 24 
68 31 30) Lage de Santos . .,24 
67 43 30|| Mount'lrigo . . .23 
66 3 30]| Alcatrasse!slands. .24 
65 39 30]| Toquetoque Island » 23 
St. Sebastian’s Island,! 
67 27 30|| — Point Seputuba . 23 
66 40 oO] — Point Pirasomungo 23 
66 2 O|| Var. 4° 44 E. 
65 49 Oj] — Villa Nueva . .'23 
65 29 45|| Point das Ostres . “93 
63 40 30|| Porcos Island, S. end 23 : 
63 4 Oj] Busios Is., S. E. end ..23 
57 40 O|| Victoria Island . ./23 
Point Grossa . . .'23 
56 42 30,) Couves Islands , (23 
57 9 Of Joatinga Point. . .|23 


(102) Places. 


River Plate, 
— Buenos Ayres, 
— Colonia. . 
— Montevideo, Light 34 
— Maldonado Bay, 
East Point ... .34 
— Gorriti I.,N.W.Pt. 34 
— Flores Island, Light 34 
— Lobos Island . .35 
Cape Sta. Maria . .34 
Rio Grande, 
— Port St. Pedro. 
St. Catharine’s I., 
— South Point. .'27 
— North East Point 27 
— Point Rapa. . .27 
— Desterro Church .27 
Anhatomirin Island, 
— Sta. Cruz Fort. . 
Vur. 7° 29! E. | 
Arvoredo Island . .'27 
Itapacoroya Point .26 
Remedios Is., S. end . 26 
Tamboreti Is., S. end 26 
St. Francisco River, 


+32 


27 
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Len. W. 


George Greco Island, 


—S.W. Point. . 
Marambaya Hill . 
La Gabia or Gavia 
Rio Janeiro or 

St. Sebastian . 
Var. 3° 40’ E. 


Ratos or Rat Island . 


Sugar Loaf. . . 
Gloria oa. 


Redondo or Foner I: , 


Marica Islands. . 
Cape Negro . . 
CapeFrio . . . 
Var, 2° 30’ E. 
Papagoyos Islands, 
—N.E.end .. 
Anchora Is., E. end: 
Cape Buzois . . 
St. John’s Hill. . 


St. Ann’s ls., largest . 
Cape St. Thomas, abt.|: 


Point Maruba. . 
Mount Benevente. 
Guarapari . ° 
_; Calvado Tad 
*S Rasas Island . 
=Jicu Point . . 
Jicu Island. . 
el Pacotes Rocks. 
3 Var. 0° 56’ E. 
3 5 Espiritu Santos Bay, 
« — Mount Moreno 
3 — Victoria, Town 
— Point Tubarao. 
Rio Doce, entr. . 
Var. 0° 5’ E. 


Abrolhos ls., largest 
Var. 0° 46’ W, 


Prado, Town . 
Columbiana . 
Cramimuan R., eee 
Mount Pascal. . 

Porto Seguro . . 

Var. 0° 54’ W. 
Santa Cruz. . 
Belmonte .. 
Commandatuba 
Unha ° e © 


St. George dos “Theos 4 


Ge Tiheds “=. 2% 
CGNtGE vai. onxs 
Mula Point. . 
Queipé Island . 
Boypeda Island 
St. Paul’s Mount 
Itaporica Island, 
~— South Point. . 
— N.S. de Penha 


14 


35 
8 
33 


38 46 21) 


TABLE LVI. 
LATITUDES ano LONGITUDES. 


35/18 


59 16] 38 36 34\! 


(104) Places. 


—Jaburi” <P.0) ; 
— Mount. Amaro.j13 1 §8| ; 
Bay of Santos, 
— Frades Island . 
St. Salvador or Bahia, 
— Mount Serati . 
— St. Antonio. . 
Var. 1° 58' W. 
Itapuanzinho Point 
Itapuan. . . 
Jacuipe River, entr. . 
Garcia de Avila ._ .{I: 
Rio Real, S. Point . 
Os tres Irmaos or 
Three Brothers. . 
Vasa Barris Barer ‘ 
St Francisco R., 
Var. 3° 10’ W. 


St. Antonio Mount .| 9 22 17| 35 35 5 
Porto Francez. . .| 9 39 45) 35 41 19 
( > Quinta o ee > ob Oo Te 16 ae ae 
3 St. Bento .-. « 9 4 56) 35 16 67 
4 Tamandaré Fort . .{ 8 43 24) 35 5 O 
‘,Fermoso River . .| 8 39 40) 35 4 22 
= Aleixo Islands. . .| 8 35 49° 35 0 46 
3 Maracay. ati 8 29 26) 34 59 37 
S Cape St. Augustine | 8 20 41/ 34 56 42 
3 Var. 4° 30! W. 
3 Rosario. . - « + 8 9 18) 34 55 62 
Pernambuco, 
— Recife, Tower . 8 4 7| 34 52 44 
— Fort Picao . . .| 8 8 27| 34 51 50 
Var, 4° 45° W. 
Olinda a | 8 O 59| 34 50 48 
Sta. Maria Patinhe - 7 56 43) 34 50 36 
Rio Aye, entrance .| 7 47 13) 34 50 35 
River Goyana, entr. .| 7 30 44; 34 47 8 
Pilar, Village. . .| 7 35 35| 34 47 47 
R. Grande de Goyana| 7 30 40) 34 46 22 
Cape Branco . . .| 7 8 22) 34 48 5 
North Paranahyba | 7 6 3) 3453 0 
Paranahyba River, 
— Fort Cabedello 6 57 50) 34 50 11 
Point Lucena . . 6 53 35) 34 50 35 
Traico Bay, N. Point 6 41 15| 34 57 23 
Formosa Bay, S, Pt. .| 6 23 12) 35 0 12 
River Cunhao. . .| 617 10) 35 3 25 
Point Pipa. . . 6 12 53) 35 3 42 
Point Negra . . . 5 52 52) 35 7 35 
Rio Grande, Fort. .|5 45 0O| 35 14 31 
Carre St. Roque . 5 28 17| 35 17 10 


3 Ureas Breakers . . 
ls Point Tubarao. 
- Point do Mel . 
"= Reteiro Pequino 
5 Reteiro Grande 
Aracati Mount. 


o 
apr hoe SO 


TABLE LVI. 34] 
LATITUDES anno LONGITUDES. 


(105) Places. 


(106) Places. 


Point Macoripi . 
Var. 3° 0’ W. 

Seara or C1aRA 
Mount Melancia . . 
Perpambuquinho . 
Patos River, entrance 
Jericacoara Point. 
Camercim River, entr. 
Tapuya Mount. . . 
Iguarassu River, entr. 
Tutoya River, entr. . 
Perguicas R., E. Pt.. 


Margarita, 

— Pampatar .. 
— Balena Point . 
— North Point . 
— Galera Point . 
— Tuna Point. . 
— Sandy Point . 
— Mangles Point. 
Blanquilla, 

— North Point . 
—S.E. Point. . 
Tortuga, 


LancoesGrandes,E.Pt| 2 26 12} 43 0 1/2—S.E. Point. . 
Alegre Mount. . 20 17) 43 13 14] §— West Point. . 
8 Var. 0° 0’ = Orchilla, East end 


.g St. Ann’s Breakers, s=-— Westend. . 
— East Point . | 2 12 38} 43 29 39] 3Two Fathoms Shoal. 
=St.AnnsI., N.E. Pt.|.2 14 44] 43 38 26 = Los Roques, $.E. Pt.J11 
¢ CoreaGrandeBreake 4). — Salt Kay, W. Pt. . 
S— North Part. . .| 2 10 55} 43 57 41 +t N.E. Kay. . 
= Maranham Island, m= — West Kay . . 
5 — White Down on Aves or Bird aialends, 
& Northside . . 2 18|} — East end . . J11 57 30, 67 30 30) 
— Fort St. Marcos .j| 2 28 22) 4116 3]| — West End . . J11i 59 30, 67 45 30 
— Fort St. Antonio .| 2 : 56|| Buenayre, N. Point 12 19 15; 68 30 0 
Var. 1° 37’ W. — RasaorS. Point (12 2 30 68 21 30 
— St. Luiz. . 2 9|} Curacao, N. Point .!12 24 0 69 16 20 
Alcantara ... 2 7\| — Fort Amsterdam .j12 16 15; 69 3 9 
Mount Alegre. . 217 16] 44 20 5) LittleCuracao, N.endj12 0 0 68 44 30 
Mount Itacolimi . .} 2 3|| Oruba, S.E. Point .j12 23 45) 69 59 30 
Shoal of Manoel Luiz | 
— West Rock. .. 
Var. 0° 57’ E. 


0 51 25) 44 14 45]| Cape Three Points ho 45 15) 62 46 0 
Cape ee paraeas 10 42 50 63 6 35 


Appleton’s Shoal. .{ 0 45 0} 44 10 0|/ Cumana. .. 10 27 37 64 15 15 
‘Sylva Shoal. . . J 0 32 0} 44 17 21] Porto Mochima, entrj10 24 0 64 26 30)} 
Para or Berm . .| 1 28 0) 48 30 0) Borracha I., N.E. Pt|10 19 30) G4 49 20 
Cape Magoary. . 014 Of 48 20 0 BarcEtona, Castle .j/10 13 15, 64 48 20 


North Piritu Isles, mid: . 
Cape North. . . 


Cape Codera . . 410 35 54; 66 11 30 
Oyapok River, Point Chuspa . . .|/10 39 30 66 25 30)] 
— St. Louis, Fort .| 3 57 0) 51 41 0j/ La Guayra, Road, j 
Cayenne, Flagstaff .} 4 56 19) 52 14 45] sCaracas. . . 


Vur. 2° 28/ E. 3 Port Turiamo . . .j10 29 10, 67 57 20 
Surinam R.,BramsPt.| 5 56 0155 15 0/| § Porto Cabello, entr. 10 29 45| 68 7 35 
Berbice R. entr, . .}| 6 20 0} 67 11 O|/STucocas Point. . 10 50 0} 68 20 5 
Eire Demerary, «st. Juan’s Point . 11 9 0; 68 31 35 
= — Corrobano Pt., Lt.| 6 48 0] 58 1 35 > Ubero Point . . .11 19 30) 68 49 15 
2 = George Town , 647 0} 68 1 0O & Manzanille Point. .j11 31 15) 69 24 5 
>Cape Nassau . . .| 7 32 0) 58 49 0} & Vela de Coro . , .|11 26 30) 69 42 5 
Guayma River, entr. | 8 25 0) 59 52 0 aoe St. Roman. J12°;11 0:70 8 35 


Orinoco River, 
— Point Barima. . 
— Old Guayana, . 
— Angostura . . 


Sta. Anna de Coro 
8 44 30} 60 3 Oj} Zapara Fort . . 10 58 30; 72 31 30. 
8 8 24) 62 23 0} Maracaybo. .. . 
.| 8 8 11) 63 55 20|)| Point Espada . . 12 4 O 71:11 50 
Bahia Honda, entr. 
The Testigos, N.E.Pt.j11 24 30) 63 9 30]) Cape La Vela. . 
‘ 11 19 30} 63 39 45)) LaHacha ... 
Los Frayles, N. Rks|11 15 30} 63 50 0 Cape St. Augustin 
Margarita, i 
— Mosquitos or 
Seu ont. % « 


Cape de la Aguja. 
0| 63 59 Of] Sanra Marta . 
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Lat. N. 


TABLE LVI. 
LATITUDES ann LONGITUDES. 


(107) Places. Lon, W. 
ont “| 0 ice 
Magdalena River, 
— Rio Viego, entr. .J11 5 0! 74 47 35 
— Cenezaentr. . .J11 5 20) 74 56 2 
Savanilla Point . Ill 2 ‘1 75 3 0 
Morro Hermoso . .|10 58 0! 75 4 45| 
Cascabel Rock. . 10 55 10} 75 7 45 
Galera Point . . .J10 47 0| 75 29 5 
Canoas Point . . .|10 34 15! 75 35 50 
CarraGena, Popo. .j10 26 0] 75 37 5 
Salmedina Shoal . .|/10 23 0! 75 44 35 
Rosario Isles, largest|10 11 0] 75 49 35) 
St. Bernardo Islands, 
-$— Tintipan Island .| 9 48 0! 75 55 30) 
Santiago di Tolu . .| 9 30 45) 75 39 50! 
5 Port Aspata, entrance| 9 25 0; 75 51 55 
5 Fueste Island . . 9 23 30; 76 15 5. 
~Gulf of Darien, ; 
“Se Point Arenas . .| 8 33 0/77 0 & 
= — Cape Tiburon . 8 41 15! 77 26 35 
es Carretas be” ¢ | 8 47 15) 77 38 35 
Pinos Island, N. Pt. -.| 9 1 30) 77 50 30 
Cayo Ratones. . .| 9 23 0/78 20 5 
Point St. Blas. . .| 9 34 36/79 2 5& 
Point Manzanillo. .| 9 39 30) 79 36 50! 
Puerto VEto or ; 
Porto Betto . .| 9 34 29) 79 43 401 
Point Toro. . . .| 9 23 45| 80 1 20 
Chagres. . . . .| 921 0] 80 4 5, 
C 
Port Cartago . . .|10 4 0} 82 35 oO! 
Port St Juan j 
de Nicaragua, 
— Point Arenas . ./11 0 0} 82 44 © 
Bluefields or : 
New Segovia . .j/11 49 0} 83 2 0 
Roncador . . . 4/13 35 7/80 3 3{ 
Serranna, N. side. .|14 28 36) 80 15 0: 
— South side . . .J14 18 17/ 80 15 0 
Serranilla, E. side ./15 45 20) 79 51 15 
Carre Gracios a Dros/I4 55 0) 82 45 0 
»Cape Camaron. . 16 2 0) 85 14 0 
5 Cape Honduras . 16 0 0) 86 5 O 
STruxillo tte 2 fen! @,« 125 °645. OBE 2 2» 6 
5 Swan Islands, S.E. Pt. 17 22 30) 83 51 0O 
= Albion Sh.,E.N.E.end|I8 55 0| 83 9 0 
= > Guanaja or Bonacca, 
— North East Point .|16 31 20; 85 55 30 
3 Barburat Island . .J16 27 0} 8610 0O 
Ruatan or Rattan, 
— West Point, about|I6 16 0 86 51 0 
Cape Three Points .|15 58 0! 88 34 0 
Teemarsh River 15 59 0 88 56 0 
Moho River .. .|I6 3 30) 88 49 0 
Point Iceacos . . .|/16 15 0 88 36 0 
Point Placentia . [|16 28 0} 88 24 0 
Sittee River . 16 48 0 88 19 0 
Manati River . . ./17 14 0 8819 0O 
Seboon River . . 17 25 0/ 88 15 0 
Beuize, Fort George .|17 29 29) 88 11 15 
Glover’s Reef, N.endji6 54 0; 87 40 0 
— South End, about 16 41 9| 87 49 0 
Half Moon Kay, LightjI7 12 45| 87 33 0 


(108) Places. | 


Hat Kay Reef, S. end 17 
Turneff Kays, 

— Kay Bokel . . 
— Maugre Kay . 17 
English Kay . . .17 
St. George’sKay,S.Pt. 17 
Ambergris Kay, S. Pt. 17 
Northern Triungles, 
— Southend . . 
— Northend. . 
Cozumel, S. Point .20 
— North Point . .20 
Arrowsmith’s Bk mid. 21 
Punta Brava . . «21 
Cape Catoche . . .21 
Mount Notiperderas .21 
Campeche, Town 19 
Alacran Shoal, | 
— Perez Island , .'22 
Negrillo Bank. . 23 
Arenas or Sandy I, 22 
New Shoal. . 21 
Triangle. . . . .20 
Obiso or Bishop’s Sh, 20 
The Arcas . . . .20 
Javinal Point . . . 
Jicalango Point . .|18 
Barra de St. Pedro ./18 
Barra de Tabasco. 
B. de Chiltepeque_ ,'18 
Tupilco River, entr. ‘18 


17 


18 
.18 


B. de Coazacoalcos .'18 
Le Baniiass -Sb..),.118 
Point St. Juan. . .|18 
Roca Partida .°. .|18 
Barra de Alvarado’ ./18 
Anton Lizardo Point ./19 
Vera Cruz, Light 19 
Orizava Peak . . .|19 
Cofre di Perote . .|19 
$s MEXICO at fier .|19 
% Cape.Rox0 “nis viet 
= Barra de Tampico. .'22 
Barra de Tordo . .|22 
Barra de Santander .|23 
Boquillas Cerradas_ .|25 
River de S. Fernando 25 
Barra de Santiago. .'26 
Barra de S. Bernardo 28 
Point Culebras  . »29 
Barra del R. Sabina .'29 
R, Mermentan, entr, ..29 
Fierro Point . . .29 
Mississippi River, 
— S W.entrance. .28 
% — South entrance 128 
e- Frank’s I., Light 29 
A —-BRalize “|. -/29 
2 — Pass al’Outre. .'29 
= New Orirans. . .29 
a Bar 


a ae 


Var. 58’ BE. 
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TABLE LVI. » 343 
LATITUDES anp LONGITUDES. 
(109) Places. Lat. N.| Lon. W. | (110) Places. Lat. N.| Lon. W. 
Mo Fm Os). FA oie ie 
Mobile, Town . . ./30 39 0 88 12 0} Riding Cays . 2 + .|20 11 0| 79 8 0 
Pensacola, Bar. . ./30 18 0 87 16 0|| Orange Kays, mid. .[24 55 30| 79 7 0 
Pensacola, Town . .30 23 43) 87 il 18 Roquillas. . . . .|2452 0| 79 6 0 
Sta. Rosa Bay, entr. .'30 23 0) 86 36 0, 
St. Andrew’s Island ./30 1 0 85 51 0] Salt Kay Bank, ' 
Cape St. Blas . . «29 38 0) 85 40 0) — Anguilla Kay, Well /28 31 0] 7929 0 
Apalaché or St. Mark./30 12 0) 84 30 0} —Salt Kay . . . .:23 42 0] 8020 0 
Anclote Kay, mid.. .28 20 0) 8312 0} WH Elbow Kay . ./23 55 0] 80 25 30 
Spiritu Santo Bay, ent.27 42 0) 8252 0) — Dog Rocks, mid. ./24 3 0| 7949 0 
Boca de Sarazota . .27 17 0| 8239 0 
Fe ORR rae ie es ° Guincho or Ginger Kay!22 47 0| 77 57 0 
plete | Lobos or Seal’s Kay ..22 24 0| 77 29 0 
Sites 5: luekers Viel on se. eg Diamond Point's". "bo 9 ol 771286 
Cape Sable . . . i< 1 a 81 10 °| = St. Domingo Kay . ./21 43 0| 75 45 0 
ss Kayo Verde, E.end .|22 1 0| 75 10 30 
; Jumentos, 
XXV. THE WEST INDIA ISLANDS, || §— Brothers’ Rocks ./22 1 0) 75 40 0 
= — KaySal or Ragged I./22 11 30; 75 41 0 
7 = — Man of War Kay, 
Southend. . . .|22 47 20] 75 53 40 
ape isicads, | | SWaterCay . . . 23 0 0| 75 44 0 
‘| & Yuma or Long Island 
— St. George Town ./32 22 20: 64 37 40) & ne ’ = 
— St. David’s Head .|s2 21 20! 61 35 40| ~ 7 orahres - + ./22 51 0) 74 52 0 
— S. extreme of land .|32 13 10 64 46 40 Yoga ve “es Fer ot ees 20 
— Wreck HillorW.end|32 15 20! 64 50 ° Monae se et ‘Is o8 ol 75 11 0 
Var. 2° 50’ W. = ae te 
—North Rock . . .{32 29 0 64 42 50|  — Nowth nt ie eed MEP 
— Mills’ Breaker . ./32 27 0) 64 33 0 oe eae ae? begga “ob ai mrt 
Sth. aoe 27 51 0} 79 10 | St. Salvador or Cat I 
>— or end. e 2 . . . 
'§ Maternillo Reef, || —ColombasorS.E.Pt.|24 8 0] 75 17 30 
mM—N.W.end .. «27 34 0/79 9 O| — Hawk’s Nest, or 
= Outer part of | S.W. Point . . ./2410 0] 75 33 0 
Wesiern Reef. . ./27 5 0} 79 12 0, Little Cat I., N.W. Pt./24 36 0] 75 59 0 
~ Memory Rock . . ./2655 0) 79 2 0 uae, ide re hr ..23 48 46) 75 6 0 
Be eh deg Talsna ty mask |) som " —North end. . .23 56 ol 75 7 0 
Stee hiMent Ticed i... 41 0 79 1 O| ,Rum Kay, E.end . .|23 38 40] 74 47 20 
S—S.E. Point . . 26 28 078 40 0/@— Westend. . . .[23 39 0] 74 56 35 
Great Abaco Island, § Watling’s I., S. W. Pt./23 56 0] 74 34 0 
— Lighthouse .. 25 51 30) 77 10 i tte oat Ge end. .|24 10 30} 74 28 30 
Var. 3° 30 E. ar. 5 ;: 
—N.E. Point. . ‘26 19 0| 7655 0| SAttwood’s Kay, or 
— Whale Cay Rocks .26 44 077 4 0|| 3 Samana, E.end. .|/28 5 10] 73 48 0 
|| S— Western Reef. . .|23 5 50| 73 50 50 
Eleuthera, S. E. Point'24 38 0} 76 9 0| ~ > Eastern Reef - .. 123 4°45}-73 36 0 
— Town - « « «2d O O 7612 0} .S Planaor Flat Kay, mid.|22 35 10} 73 37 0 
— James’ Cistern . ./29 20 0) 76 23 0) & Crooked Islands, 
~— Harbour I., E. end.|25 30 0/7639 0) — Rock just above : 
§ — Egg Island, Reef 25 33 45| 76 55 30 Water . . . . [22 44 45| 73 51 0 
2 Douglas’ Passage, ent.'29 8 30/77 5 45), -—N.E.Reef,end . 22 e 0 s - b 
= New Providence, ; — Bird Rock ... a 5 0 4 io 
S&S — Nassau, Light . ./25 5 0} 77 22 15)| — Post Office . (22 47 0| 74 20 0 
S Var. 5° 39 E. — Fortune I., S. Point|22 33 0} 74 23 Oj] 
& Berry Islands, A eee ee ae Island . ./22 7 30) 74 18 45 
~~ — i A iraporvos 
S ane Frnt 5 Ca aes North Rock e « «122 7 50) 74 31 40 
& N.E.enc . 5 50 of 77.53 0i| —SouthKay . . 29 5 0| 74 31 15 
Little Isaac . . . .|25 58 0| 78 48 0 — Shoal, S. E. end .|21 58 30| 74 28 30 
Great Isaac, mid. . ./26 2 30|79 3 0 Diana’s Shoal, mid. ./22 31 30) 74 46 0 
Moselle Shoal . . 225 50 0) 79 15 o Mariguana (sland, | ol asus o 
Bemini Islands —S. W. Point. . ./22 % 
— Barnett's Harbour.|25 39 0| 7920 0) -—EastReef. . . .|22 17 0| 72 38 0 
Gun Cay, Light. . .|25 34 79 18 aa] The Hogsties, W. end |21 41 0! 73 51 0 


ors 
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(111) Places. 


Great Inagua, 
— N.W. Point. : 
— 8. W. Point . 
—S.E. Point . 
—N.E. Point . 
Statira Shoal ., 
Little Inagua, 
— East Point .. 
Taree S. W. Point e e 
3 Caycos Bank, 
— N. end of Bank. 
— W. Caycos, S.W. Pt 
— S. E. end of Bank 
>— N. E. end of Bank 
* Turk’s Islands, 
— Endymion’s Shoal 
— Sand Kay, mid.. 
<= — Salt Kay, mid. . 


Passage Islan 


é 


& — Grand Kay, N. end |21 


Mouchoir Carré, or 


TABLE LVI. 
LATITUDES AND LONGITUDES. 


| Lat. N.| Lon. W. 


21 8 
20 55 
20 58 
21 21 
ik 55 


21 28 3 
(21 26 


21 59 
-\21 37 
i21 2 
(21 41 


“21 6 
21 11 
+21 18 
30 


i) eooce eo ¢eooecse 


Square Handkerchief, 


— S. W. end a e 
— N. E. end ae |e 
Silver Bank, 
—N.W.end . 
—N.E.end. . 
—S.E.end. . 
Fletcher’s Rock 
Bajo de Navidad, 
JN AeNUss gal eee 
a =. end e e e e 


es 


Capede Cruz .. 
Tarquino Peak . 
St. Jago de Cuba, entr 
Guantanamo or 
CumberlandHr.,entr 
Escondido, E. Point 
Baitiqueri, entrance 
$ Cape Maize or Maysi 
‘3 Mata, entrance. . 
Baracoa, eutrance . 
Navas, entrance . 
~ Taco, W. Point. . 
8 Jaragua, entrance . 
2Guarico Point . . 
~ CayoMoa .. . 
 Tanamo, entrance . 
Cabonico, entrance 
Nipe, entrance . . 
Port Banes, S. E. Pt. 
Point Mulas. .. 
Naranjo, entrance . 
Gibara, entrance . 
Padre, entrance. . 
Manato, entrance . 


Nuevas Grandes, entr.'21 


Maternillos Point . 


Cayo Romano, S.E. Pt.|2i 


Cayo Verde... . 
Cayo Confites, N. Pt. 
Cruz del Padre. . 
Matanzas, Castle . 
—Panor Hill. . 
Havanna, Light , 


(20 
21 6 


+120 
+20 
20 
+20 


-20 
e 19 


{19 
-|L9 
-|/19 


19 
19 
29 
20 
120 
20 
20 
120 
(20 
|20 
(20 42 18 


-/20 42 41) 


20 42° 11 
.|20 44 40 
.120 52 50 
21 7 30 
\21 5 23 
121 612 
21 15 40 
21 23 44 
26 50 
39 0 
53 0 
5 6 
11 44 
14 0 
2 54 
1 39 
8 18 


21 


+22 
-|22 
-|23 
-|23 
-/23 
> 23 


73 40 0 
73 38 30 
73 9 0 
73 1 «0 
73 9 0 


72 55 30 
73 3 (0 


71 57 
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ww 

—i—) 


(112) 


Cape Antonio .. 
‘3 Cape Corrientes. 
© Point Piedras . 
‘>Cayo de St. Felipe, 
wt West’end:.; \... 
Ss In 


* Isle of Pines, 


The I. 


. Savanna la Mar. 
8 Black River, entr. . . 
S Pedro Bluff <r). 
§ Portland Point . . .|17 
‘ Kingston Church . . 


Places. 


Oo. # 


Port Mariel, entrance .j23 5 
Cavanas, entrance. .|23 4 
Bahia Honda, entrance/22 58 
(21 54 
{21 48 
56 


59 


21 54 


dian Kays, N. end . 


21 
21 


— PointIndus. . . 
— Point St. Francis . 
Var. 9° E. 

— Point Crocodillo. .|21 
— East Point .. ./21 
Xagua Bay, entrance .'22 0 
Port Casilda, entrance 21 
Cayo Blanco. . . ./21 
Zargade Fuera. . 21 
Cayo Breton, S. Poitue 21 
Roca Grande, entr. __.|20 


Morant Point ... 
North East Point . 
Port Antonio, entr. .|18 
Galina Point. . . 18 
St. Anne’s Bay, ent. .|18 
Martha Brae, entr. .|18 
Montego Bay, Point .|18 
North Negril . . 
South Negril. . . 
John’s Point. .. 


17 
18 


17 57 
Port RoyA., Point ./I7 55 
Var. 5° 50! E. 


Yallah Point. . . 


Caymanbrack, W. Pt..!19 46 
Little Cayman,S.W.Pt.19 36 
Grand Cayman, 

— S. W. Kay or Point 19 15 
—Eastend... .|19 18 
Var. 8° 0’ E. > 

Swan Islands, S. E. Pt. 17 22 
Baxa Nueva, | 
—Sandy-Kay . . .{15 52 
Serranilla, E. end .~ .j/15 45 
Pedro Bank, 

— Portland Rock . 
— North East Kay .|17 4 
— South Kay . . .|16 57 
—Rock ... . .|16 48 
Morant Kays, 
— North East Kay .|/17 26 
— South West Kay ./17 23 
Formigas Bank, | 

— North Eastedge .18 34 
— South East edge  .|/18 28 
— South West edge 
Navaza, middle. . 


Ripa 


jis 23 


17 52 


“ 
58 
0} 
49 

0 

G 
" 


0; 
J 


30 
45 


30 
30 


«18 28 0) 75 


15) 


— 


ag 


82 42 
82 52 
83 6 
84 57 
84 29 
83 50 


83 33 
83 15 


83 4 
83 9 


83 0 
82 24 
80 35 
80 2 
79 58 
79 Al 
79 32 
79 23 


76 6 
76 16 
76 23 
76 54 
77 16 
77 44 
78 2 
78 30 
78 32 
78 22 
78 15 
77 56 
77 49 
at ue 
76 46 
76 49 


76 28 


79 46 
80 5 


, Sl 29 


81 5 
83 51 


| 78 37 
, 79 50 


77 26 
77 46 
77 51 
78 12 


75 
75 


54 
56 


35 
40 
48 
75 «6 


75 
75 


| 


Lat. N.| Lon. W. 
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30| 
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40! 
30) 
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(113) Places. 


St. Nicholas Mole Pt.j19 


Porta Piment. . ./19 
St. Mark’s Point . .J19 
Arcadins, South end ,j18 
Porr au Puivyce, 

— The Road , . .18 

Gonave I., N. E. Pt. .{18 

— West Point. . ./18 

Petite Goave, 

Hummock .. .{18 

Rochelois Reef, 

— Pirogues . ._.{18 

Point Jeremie. . .j18 

Cape Donna Maria _ .{18 

Point des[rois. . .18 

Capz Trmuron. . .|18 

e PointaGravois . .{18 
Sclsle a Vache, E. Pt. .|18 
‘S$ Les Cayes, Town. .|18 
=St. Louis, Old Fort ./18 

Rear Bay, 

— Diamond Rock 18 
th Cape Jaquemel . .|18 
Alto Vela Rock . .|17 
=P oint Salinas . . .|18 
5 Sr. Domrinoo, City ./18 

Sta. Catalina I.,W.Pt.|18 

Sama I., S. E. Point . 18 

Point Espada e « 18 

Cape Enganno. . ,|18 

Cape Samana . . 419 

Cape Cabron . . .19 

Old Cape Francois 19 

Point Isabella. . -.|19 

The Grange . . 419 

Carr Haytien, City .|19 

Tortuga Island, W. Pt. 20 

— East Point. . ./20 

Port Pais: .i.0 6. jj19 

Porta L’Ecu. . .|19 

ona Island, middle .j18 

RIGHION -.| 0 «ile -|L6 

Oo OE Pre te 


Paces Tan stile 
S 3 Algarroba Point . .{18 
= Cape Roxo.ys. '). 127 
& Puerto Guanica . .{17 

Caxa de Muertos. .|17 


2S8t Thomas’ Harbour 
s — Fort-Christian . 
2 Var. 2° 30' E. 

est: John’s S. E. Point}18 
‘Virgin Gorda, E. Pt. }18 
= Anegada, &, ©, Point |18 


43 


Lat. N. 
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(114) Places. 


St. Croix or Sta. Cruz, 
— Christianstad . 


Sombrero ae 


Saba, middle ... 
St. Eustatius, Road . 
St. Christopher, 
— Basse Terre ,. 
Nevis, Town... 
Barbuda, N. Point . 
Antigua, 
— St. John’s Road 
— English Harbour . 
Redonda. . . 
Monserrat, N.E. Pt. . 
Guadaloupe, 
— Basse Terre . 
— Old Fort. ... . 
— Chateau Point. 
— North Point .. 
Aves or Bird’s T. . 
Deseada, N. E. PointiJ6 
Mariegalante, 
&— Basse Terre . 
= Saintes, S.W. end 
S Dominica, 
2 Pr. Rupert’s Bay ./15 
S—  Roseau.... 
3 — Scot’s Head . 
= § Martinique, 
S — Fort Royal. . 
— Port St. Pierre 
— Macouba Point 
— Saline Point . 
Var. 2° 47' EB. 
— Diamond Rock 
St. Lucea, 
— Careenage, entr, ./13 
— Point Piton . .{13 
— Moulacique Point |13 
St. Vincent, 
— Kingston . . 
Barbadoes, 
— North Point .. 
— Bridgetown, . 
— South Point . 
Granadillos, 
— Becouya, N. Point|I3 
— Cariaco, N. Point {13 
Grenada, 
— North East Point ./12 
— Fort St.George .j12 
— Point Salines . .j1l 
Tobago, N. E. Point j11 
— Man of War Bay jl1 
— South West Point j11 
Trinidad, 
— Boca de Navois 


(15 
5 


13 


{10 


Al 45! 


Lon. W. 
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(115) Places. 


Trinidad, 


4 


a” 


TABLE LVI. 
LATITUDES ann LONGITUDES. 


Lat. N. | Lon. W. 


olf 4 


-- Chaguaramas Bay ./10 42 0| 61 41 0 


— Port Spain .. 
— Icaque Point. . 
— Point Galeota . 
— Point Galera. . 


XXVI. 


(10 38 42) 61 34 15 
(10 4 0} 61 59 30 
{10 9 30) 61 0 50 
{10 50 20! 60 56 35 


THE EAST COAST OF AME- 


RICA, FROM CAPE SABLE TO 


DAVIS'S STRAIT. 


Cape Sable «.. . 


(25 1 


Tortugas Bank (5 fms)/24 31 


Dry Tortugas, 
— Bush Kay, Light 
Florida Reef, W. End ./24 
Boca Grand, entrance.|24 
. Sand Kay, Light . 24 
Cayo Huesco or 
S Thompson Island, 
X _ West End, Light 
~$ Looe Kay, Tower . ./24 
‘£ Bahia Honda, entr. ./24 
f= Sombrero Kavos. ast lan 
Great Inlet, Lt. Vessel/24 
Kay Travernier. . 
Kay Rodrigues . . 


-|24 


Cape Florida .. 
White Inlet .. .. 
. Grenville Inlet, entr. . 
S$ Hillsborough Inlet 
as N. W. end of Mater- 
as nillo Reef. . e 
Cape Canaveral. . 
3 Mosquito Inlet. . 
Matanza Inlet . . 
St. Augustin, Light 
St. John’s River, bar. 
Nassau River, entr. 
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= 
5B 
ry 
93) 
=) 
_— 
» 
5 
a 
a 
C 
we 
7 
ct 
w 
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Sapelio Sound, entr. . 
*S St. Catharine’s Sound, 
entrance . « » 

© Savanna, Town. . .|33 
~e — entr., Tybee Light. 
3 Beaufort . . . « 
3 Charleston, Town . 
—Light . ° 
Cape Roman, Light 
Georgetown. . « 
—Light.... 

- Cape Fear, S.E. Pt. 
®—Lighthouse. . 
‘= Frying Pan Shoals, 
-§— Outer Shoal. . 
© Wilmington, Light 
"S$ Beaufort, Town. . 


2) 

1 5 ag O38 
p 
ot 
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oe 
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124 36 


20 
27 
25 


32 
33 
38 
38 
57 
59 
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43 
46 
dl 
49 
14 


ooocoe ce 


bo 
oO 
—i— 3) 


@2 Yo 
ocooceces eceocece 


ww 
eoceo 


80 : 
50 ¢ 
79 50 30 
79 - 
79 
79 12 30 
79 2 40 
77 58 «0 
78 1 40 


77 50 
77 58 
76 45 
76 37 
76 34 


ooces 


(116) Places. Lat. N. 
| Paet Alexs: 
Ocracock Inlet, Light./35 6 0 
Cape Hatteras, Light ./35 15 0 
— Shoals, S.end . ./35 7 0 
New or Roanoke Inlet|/35 37 0 
Currituck Inlet. . ./36 26 0 
Cape Henry, Light ./36 56 0 
Cape Charles . . .137 7 30! 
‘ Norfolk °. 3 ©) 2.'486 50 0 
> New Point Comfort,Lt./37 18 H 
iS Smith’s Point, Light ./37 51 0 
< ‘ 
Cedar Point. . . ./38 14 0 
Annapolis .. . ./38 59 0 
Baltimore. «» s;/. j39° 18.0 
WASHINGTON . .. «138 52 45 
, smith’s I., Light . ./37 13 0 
© Cape Henlopen, Light/38 46 40 
§ Cape May, Light . ./38 57 0 
Dower’ °F Ss) ee SS Tae 
8 Wilmington . . . |3945 0 
PHILADELPHIA. ./39 56 54 
Great Egg Hr., entr. ./39 18 30 
= Little Egg Hr., entr. .|39 30: 0! 
% Barnegat Inlet, entr. ./39 47 30 
Ss Sandy Hook, Light .|40 27 40 
3 NEW YORK, Fort ./40 42 10) 
&S&— City Hall. . . ./40 42 20 
Frog’s Point, Light ./40 48 0 
Sand Point, Light. .140 51 0} 
Eaton’s Neck, Light ./40 6 0| 
Norwalle Island, Lt. .|41 2 9 
“$ Black Rock, Light 141 8 0| 
§ Stratford Point, Lightl41 8 0! 
& Old Field Point, Light|40 58 0| 
ws New Haven, Light ./41 14 0; 
§ Falkner’s Island, Lt. |41 12 0 
Saybrook, Light . 41 15 0 
~, New London, Light ./41 18 0 
= Plumb I., Light . ./41 10 0 
Gull, Light . . . /41 11 0 
Watch Hill, Light. .j41 17 0 
Stonington, Light. ./41 19 0 
Montock Point, Light./4l 3 0 
Block I., Lights . ./4113 0 
Point Judith, Light ./41 22 0 
Beaver Tail, Light 4l 26 0 
Rhode Island, 
— Newport, Light ./41 29 0 
Providence, Town . ./41 50 41 
Buzzard Bay, Light .|41 24 0 
ms Dumplin, Light . ./41 32 0 
z New Bedford, Light ./41 35 0 
S Martha’s Vineyard, 
™— Gay Head, Light ./41 20 30 
&— North Point, Light/41 28 30 
.2 — Cape Poge, Light .|41 24 30 
& Point Gammon, Light.)/41 37 0 
Nautucket Island, 
— Brant Town, Light./41 17 0 
— Sandy Point, Light./41 23 0 
Sancotty Head. . ./41 16 0 
Nantucket South Sh. ./41 4 0 
George’s Shoals . 
—S.E.part .. .|41 34 0 
— West part .. .|41 42 0 
—N.E. part . . .{/41 48 0 
— North Shoal, mid. .|41 53 30 


Lon. W. 
° 4 “us 
75 59 0 
75 30 0 
75 24 0 
75 26 0 
75 51 0 
76 0 0 
75 58 0 
7615 0 
7617 0} 
76 16 0; 
76 22 0 
76 30 0 
76 36 0 
77 0 30 
7547 0 
7 7 0 
74 55 45 
75 29 0 
75 30 0 
75 10 30 
74 33 0 
7420 0 
74 7 0 
74 2 0} 
74 2 30 
74 331 
73 50 0 
73 46 © 
73 26 30 
73 28 6 
73:15 0 
7339 0 
7310 0 
72 57 0 
72 42 0 
72 25 0 
7210 0 
72:17 0 
72 11 0| 
71 56 0} 
71 59 4 
71 56 0 
71 40 o| 
71 31 30 
71 27 0 
71 22 0 
71 25 20 
7059 0 
70 57 0 
70 56 0 
70 52 0 
70 37 0 
70 27 0 
70 16 0 
70 7 0 
70 3 0 
69 58 0 
69 55 0 
67 40 0 
67 59 0 
67 47 0 
67 43 0 


TABLE LVI. 3 347 
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(117) Places. Lat. N.| Lon. W. || (118) Places. Lat. N.| Lon. W. 


o 64 “ Ne! ” 


George’s Shoals, St. Andrew’s, Town ./45 3 30! 67 1 O 

— Shoal . Wolf Islands, 

—Easternmost Shoal . —N.E.end. . . ./44 59 O| 66 42 0 

Chatham, Sandy Pt. Beaver Harbour, entr./45 3 12) 66 43 28 
37 South End, Light . Point Lepreau, Lightsi45 4 0) 66 27 
= Chatham Hr. ‘Lights St. John’s Town . ./45 15 0] 66 2 
ee Cod, Light . Partridge Island »Light45 13 36: 66 2 

Race Point, Light. Cape Maspeck . . ./45 12 30) 65 59 1 
3 Long Point, Light. Cape Spencer .. .145 12 0} 65 53 
8 Billingsgate I., Light . Quako, Light . . ./4419 0} 65 25 
‘S Barnstaple, Light ; Quako Ledge, middle |45 15 30) 65 11 

Plymouth, Lights . Cape Enrageé . . ./45 30 

Scituate, Light. . Fort Cumberland . ./45 44 

BosTon, Cape Chignecto. . ./45 18 

— Outer Light neh LN Cape Split. eee 45 17 

i Haute Island . . .145 14 

Annapolis, 
— Pt. Prim or Digby 

Light .. 44 40 25 
Bryer’s Island, Light. 44 13° 51 
Cape St. Mary « « 44 4 15 
Annisquam, Light . Cape Fourchu . . .43 48 0 
Ipswich Hr. entrance ./42 Gannet Rock . . ./43 37 30 
Newbury Port, Seal Island, S. Point ./43 23 51 
— Plumb I., Lights .|42 — North Point. . ./43 26 22 
Isles of Shoals, Blond Rock . . . './43 20 30 
— White Island, Light!42 Cape Sable, S. Point ./43 23 57 
Portsmouth, Light  ./43 Var. 12° 24 W. 


Boon Island, Light  .|43 Brazil Rock. . . ./43 21 30 
os Pertcice a Cape Negro. . . .43 31 0 
Wood Island, Light ./43 27 ee ae 5 Sheila ay Ae 
: Casco Bay, Rueced | 
gged Island,S.E. Pti43 41 14 

Ree ee ,Lts. Ee _ Little Hope Island ..|43 48 34 
— Portland, Light ‘ 3 Mouton Island, S. Pt.43 55 0 
— Halfway Rock . *43 37 © Liverpoul Bay,, 
Cashes Ledge, middle.43 2 *% — Western Head . We 59 13 
Seguin Island, Light ..43 40 3 Liverpool, Coffin I.,Lt.44 1 52 
Pond Island, Light .|43 42 2 # 
Burnt i, Light . 2 «43 42 Ps fee. 67 ree 

- John’s Bay ’ 
— Penmaquid Pt., Lt./43 48 ar epathegcet Fired t's Bate 
Franklin’s I., Light .|43 53 GIBB ASAD i9i-c evtie 40 
Manheigin I., Light ./43 44 Cape Le Heve . . (44 ll 8 

ite Hea ig . ’ 
Quis Heady Light it 4 Set ne 
Castine, Light . . .44 24 Geel Istana : 44 23 30 


Haute Island, S. Pt. .}43 58 ° 
k 143 51 Cape Prospect . . .|44 26 38 
ey en te pay Sambro, Light . . .j44 27 0 


Baker’s I., Light . tl rn Hittel< 

Petit Manan I., Light. ’ 

Head Harbour, Light .|44 28 —NavalYard . . ./44 39 26 

Libee Islands, Light ./44 33 Var. 17° 10! W. 

Machias Town . . ./44 41 Jedore Head. . . «4440 5; 

Passamaquady Hd. Lt./44 48 Owl’s Head . . « «44 43 0 
rs Head Harbour, Light ..44 56 50 Spry Harbour, | 

= Grand Manan Island, — Taylor’s Head . .144 46 0 

— North Point. . .44 46 49 Outer BeaverI.,S.E.Pt\44 48 24 
oe South West Head 44 36 0 White Island, E.end ./44 50 30 
s— Grand Harb., ent. .44 39 0 Liscombe Harbour, 

White Head I., S. Pt.\44 36 59 — South West Point .'44 57 0 
© Old Proprietor "Rock -.44 82 30 Green Island, S. Pt. ./45 4 55 
q Gannet Rock, Light .44 31 0 Berry Head . . . ./45 10 44 

Machias Seal Islands, White Head Island ./45 10 17! 

— N.E. part, Light .44 31 0 Cape Canso . ... ../45 

| 
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—Town... 
Salem. . 

Baker’s Island, Lights 42 
Cape Ann, 

— Thatcher’s I. Lights/42 
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(119) Places, 


o 
Cranberry Island, Lt./4é 
Sable Island, W. end |43 
i Baatend:, ere af4s 
— Southernmost part {43 


Gut of Canso, 


— Eddy Point. . .|45 
— Ship Harbour. ./45 
Isle Madame, 

-_— Cape Hogan . .}45 
Green Island . . .|45 
Cape Portland. . 45 
Cape Hinchinbroke ./45 
Louisbourg, 

3 — Old Lighthouse ./45 

=Cape Breton . . ./45 


 Scateri Island, E. Pt.j/46 


F & Cape Granby . . .|46 
s Var. 22° 27' W. 
=F lintIsland . . ./46 


st Ann’s Bay, 


— Siboux Is., S. end |46 
Naganish Island . .|46 
Cape North. . . .|47 
Chetican Harb., entr.|46 
Sea Wolf Island . .|46 
Just aux Corp I.,8. Peds 
Cape Linzee . . 4/45 
Var. 21° 14' W. 

Port Hood, entrance .j45 


— ee 


~ East Point. . . .|46 
&George Town . . .|46 
= Bear Cape . . . 46 

Charlotte Town . ./46 
~ = Cape Traverse. . «46 
5 Cape Egmont . . .|46 
S West Cape. . « .|46 

S North Cape. . . .A7 


8 Richmond Bay, entr. |46 
5 New London ... ./46 
& st. Peter’ sHarb., entr. 46 


Gut of Canso, 

— North entrance’ .|45 

Cape St. George . ./45 

MerigomishHarb. ent.|45 

Pictou Island, 

— South end .. 
2 Var. 19° 35! Ww. 
i Pictou Harbour . 
Her Academ e* 5° 
= Tatmagouche, 
S— Amet Island ,. 
8 Cape Tormentin, 

>—N.E. Point. . 46 

Richibucto Harb., ent.|46 
Miramiche Bay, 

— Point Escuminac .|47 
Chaleur Bay, 

— Point Miscou . 
— Point Paspibiac 


(45 


(45 
(45 


145 


.|48 
148 


TO 
19 33 
56 30 
69 15 
55 (0 


30 
36 


27 
27 
47 
34 


TABLE LVI. 
LATITUDES anno LONGITUDES. 


° 


60 
60 
59 
59 


61 
61 


61 
60 
60 
60 


59 
59 
59 
59 


59 


60 
60 
60 
60 
61 
61 
61 


61 


61 
62 
62 
63 
63 
G4 
64 
64 
63 
63 
62 


61 
61 
62 
62 


62 
62 


63 


63 
64 


64 


64 
65 


¢ 


54 
12 
46 
54 


12 
17 


Lat. N. | Lon. W. 


(120) Places. Lat. N 

u“ ° ‘ “ 
38]) Chaleur Bay, 
31|| — Cape Despair . 48 25 0 
17|| Nipisighet Bay, | 

0} — Caron Point . 47 37 0 

Bonaventure Island, 

— N.W. Point. . ./48 29 30 
51]| Flat Point . . (48 36 0 
43]; Cape Gaspé, S. E, Pt. 48 45 14 

Var, 21° 38/ W. 

0|| Gaspé Bay, 
4s} — Douglas Town. .}48 46 33 
36|| Cape Rosier . . ./48 50 41 
36|| Magdalen River, entr.|49 13 0 

Cape Chat. . . .49 6 0 
48}| Bic Island . . . .48 26 0 
15|| Green Island, Light |48 3 0 
26}| Anticosta I., East Pt.|49 8S B30 

0} Var. 24° 38’ W. 

— South Point . 149 4 0 

Ol] . — South West Point |49 23 0 

8 — Jupiter’s R., entr. |49 28 0 
30 3 — West Point. . 49 52 0 

0 3 Var. 22° 55’ W. 

53.3 — North Point . 49 57 38 

Ol; Magdalen Islands, 

ol — North East Point 47 37 37 
51/|>— Amherst I.,S.W.Ptl47 12 0 
15|/>— Entry I., S.W. Pt.|47 16 7 

3 Var. 22° 25' W. 
0|| — Deadman’s Island |47 16 0 
Biron Island, N.E. Pt.}47 48 0 

8] Bird’s Island . . .{47 50 28 

0) St. Paul’s Island . ./47 13 38 
57 

0} Cape Ray . . . .47 37 38 
47|| Cape Anguille s+ 3/4755. 0 

0|| Cape St. George . .J48 28 54 
21\| Bay of Islands, 
15|| — South Head. . 49 6 12 

Oh Cow Head . . . 49 55 12 

0}; Ingornechoix Bay, 

0}} — Port Saunders, ent.|50 38 30 

Point Riche . . .{50 41 30 
St. John’s I., Bay .|50 47 30 

0 qj Point Ferolle wale) se a 
12} § Bay St. Barbe, 

ol — Anchor Point s ./51 14 0 

§Seal Islands . , .J51 17 9 
33 S Groen Island . . .j51 24 0 
2Cape Norman, . .j51 37 0 

o|/& Burnt Cape. ee »/51 850 

28} Cape Onion . . 451 36 30 
Quirpon Island, 

0}} — Cape Bauld. 151 38 0 
Belle Island, S. Point 51 52 26 

42 res uet Bay e »|51 32 30 

0 unaire Bay, 

— White Cape . .j51 30 25 

30\| Var. 32° 0’ W. 

Braha Harbour, 
49|| — Needles Rocks 

17}; Var. 349 0’ W. 


.' Lon. W, 
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1} (121) Places. 


: =e Island, 


w che te 


f New 
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TABLE LVI. 


LATITUDES axp LONGITUDES. 


St. Anthony’s Harb. .|! 
Goose Cape .. 
Hare Bay, 

— How Harbour. ||! 
— Hare Island . .}: 
Croc Harbour . . 
Cape Rouge .. ,. 
Rouge Island, N. Pt. 
Groais Island, N. Pt. 


Green Island . . 
Canada Head . . 
Spear Point. . . 
Partridge Point - 


Pacquet Harbour . 
La Scie Harbour . . 
Cape St. John, 

— North Bill. . 
GullIsland. . . 
Nipper’s Harbour, 


Var. 28° 0' W. 


— 
a} 
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co 
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"os 
my 
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— Francis Island. . 
Fortune Harbour . 
tse au Harbour, 
— Harbour Rock. . 


S 
we 
S 
° 
—] 
S 


«Change Islands, 
— Tobacco Island 
Fogo Island, Harbour 


-- Lanes I., E. Point/49 
— Cape Fogo . . .49 
Wadham Islands, 

— Offer Wadham. ./49 
Funk Island . ,. 49 
Cape Freels, 

— South Bill . . .149 
Greenspond Island 49 


Offer Gooseberry I. 148 


Barrow Harbour . .|48 
Black Head Bay, 
— Southern Head _ .|48 


Young Harry Reef .|48 
Cape Bonavista, 
— art gr a : 


Horsechops . mya 
Trinity Harbour, eutr. 
sonaventiire Head 


Cape Spear. .. 
Bull Head . . 
Cape Broyle, N. Pt. . : 
Cape Ballard , . 
Cary Hace. 3. 
| Virgin Rocks... 


ooocoocecceco 


Lon. 


55 
55 


55 
55 


‘ 


28 
32 


W. || (122) Places. 


Trepassey Bay, 

— Cape Pine. . 

Point Lance . . 

Cape St. Mary. . 

Point Breme : 
3 Placentia Harbour 


0 
0 
0 
OS 
ols 
0 S Mortier Bay, entrance|47 
0 }Mortier Rocks, mid. . 
0 = Cape es tlie 2 ; 
0 P oint May ‘ 

0 |= S Little wligueiad, os P t. 46 
to} = Cape Miquelon . . 
Connaigre Shoal . 
Pass Island . oe 
Outer Penguin Is, _ ,| 
Cape La Hune. . . 
Burgeo lIs., Eclipse I. |47 
Connoire Bay . ; 


. 
0 
0 


8 


Quesec obs. . . .|46 
~ Coudre l., N.E. Point 47 
0; = St. Pal gf." ee 
= Malbay is Sis ate 
OS Bay of Rocks . , . 
0| Point Mille Vache 
| Manicougan Point 
. Bold Mountain’s Pt. . 
8 The Seven Islands, 
3 — Carousal Island . 
‘$Mingan Island. . . 
= Esquimaux Islands, 
“J — St. Genevieve I. . 
Mount Joe". 7ar. 
Little Mecatina . .|50 
Great Mecatina Pointi50 
Green Island . . ./51 
Forteaux Point . ./51 
Ship Head . . . .j51 
Red Bay, 
— Saddle Island . . 
York Point. . . ./61 
Belle Island, S.W. Pt.|51 
— N.E. Point. . .j52 
Cape Charles . . ./52 
$ Sandwich Bay, 
5S — Huntingdon Island|53 
S Nain is 65, he [56 
Port Manvers. . ‘156 
Var. 41° 15’ W. 
Button’s Isles . . .|60 
Resolution I., 8. Pt. .|61 
Cape Resolution . .|61 
3 LowerSavage Is.,S.Pt./61 
SSaddleback island. ./62 
a 2 Upper Savage Islands\62 
- = Salisbur Island, N.Pt./63 
5 King’ 8 Case < whe 
STrinity Islands . . 
35|h2Cape Comfort. . . 


AT 4 
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TABLE LVI. 
LATITUDES ann LONGITUDES. 


(123) Places. 


Cape Welsford . 84 40 


3 Var. 50° 18° W. 


re ee eT 


! 
=D. of York’sBay,anch.|65 19 0} 85 1. G|| Charles Island. . ./63 0 0) 6450 0 
*Cape Frigid ~ . .|65 59 30] $5 25 |] Cape Enderby. . .J63 45 0/ 65 30 0 
&Repulse Bay .. . 86 30 20]| Sanderson’s lower ./64 50 0| 63 44 0 
i: Vur. 48° 33’ W. Caps Mickleham . ./65 18 0| 62 50 0 
Cape MacLaren . . 84 2 40 _, Cape Dacres . . 65 36 0} GL 50 0 

Cape Martineau 83 54 2013 Cape Walsingham ./66 4 0) 60 51 0 

VansittartI1., N.E. Pt. 66 81 16 0]/5 Mount Raleigh . .|66 30 0} 61 30 O 

Bafin’s I., S. E. Pt. 83 29 0}! Dyer’s Cape. . .|66 42 0| 61 6 0 

Winter Island, S. Pt. |66 83 10 0||%Cape Broughton . ./67 47 0 63 30 0 

Var. 56° 18’ W. 8 Cape Hooper - « (68 6 0) 6436 0 

Lyon Inlet, S Cape Bisson . . .169 10 0] 66 50 0 

— Cape Edwards. 83 38 30] Cape Kater. . . .J69 42 0 67 25 0 

Owlitteweek Island 66 58 30] 81 36 0 Cape Roper . . (70 5 0 67 20 0 

Var. 62° 17' W. River Clyde, 

Barrow River, entr. . 81 25 0]| — Cape Hewett . ./70 27 0| 67 58 O 

Var, 70° 28’ W. — Agnes Monument.|70 37 0 68 0 0 

Cape Penrhyn. . . 8119 0|| Cape Eglinton. . .|70 49 0! 69 10 0 

Cape Jermain. . . 81 58 30]| Scott’s Bay. . . 71 10 0 7110 0 

Ooglet Island, 8. Pt. ./68 23 0} 81 32 Of Cape Bowen .. ./72 25 0 74 40 0 

Igloolik I.,S.E. Point/69 20 40) 81 31 6}/ Cape Graham Moore./72 54 0 76 5 0 
x NeirloonaktoI., N.Pt.|69 33 0} 81 41 0] Cape Byam Martin .|73 25 0, 76 40 0 
= Var. 87° 20 Ww. Var. 96° W. | 
& Bouverie AE jibe Eo. 82 1 O}| Cape Liverpool . .|73 44 0; 78 10 0 
3 Var. 88° 51’ W. Cape Hay . . . .|73 50 0, 7955 0 
2 Liddon’s 1, S. Point |69 45 0} 83 6 Oj] Lancaster Sound, | 
= Arnherst I., N.E. Pt.|69 48 0] 83 35 0j/ — Entrance, about .j74 19 0 80 0 0 
= Var. 89° 13? Ww. Wollaston Islands. .|73 49 0, 80 57 0 
= Cape Hallowell , 85 25 0} Cape Charles York .73 53 0 52 52 0 
tes Englefield . 85 30 Oj| Cape York. . . .|73 50 0 8655 0 

Prince Regent’s Inlet | 
“c, Wolstenholm or — Port Bowen. . .|73 13 39 88 54 49 
Walsingham. . ./62 39 0} 77 48 O}| Var. 123° 22’ W. 

Cape Digges . . ./62 41 0| 78 50 0|/ — Neill’s Harbour .73 9 8 89 1 20 

Salisbury Island . ./63 29 0) 76 47 Oj] Var. 118° 48’ W. 

Mansfield Island, — Cape Kater. . ./71 55 0,90 5 0O 

— North Point . .|62 38 30) 80 33 0|) — Cape Garry. . ./72 23 0) 93 17 0O 

— South Point. . ./61 35 0} 81 O Ol] — Fury’s Wreck. ./72 42 30) 91 50 5 

‘Cape Southampton ./61 56 0) 83 52 Ol] — Cape Sepping . .|73 47 0,90 15 0 

Cape Pembroke . .}62 57 0} 81 15 || Prince Leopold’s Is., 

North Sleepers. . .|61 0 0| 78 15 O} —Eastend . . |74 2 0 8950 0 
>West Sleepers, N. end|60 13 0| 81 35 ol] Griffith’s L, S.E. Pti74 31 0 95 24 0 
& Portland Point. . .[59 © 0} 78 30 0} Lowther Island,S. Pt./74 27 30, 97 47 0 
“ Belchers, N. Point .|56 20 0} 80 15 0j| Bathurst Island, | 
§ James’ s Bay, : Cape Cockburn ./75 3 0100 25 0 
3- C. Henrietta Mariaj55 10 0] §2 30 0 am, Martin Island, | 
a= — Cape Jones. . [54 50 0| 78 54 O}/ — CapeGillman , .175 3 010410 0 

— BearIsle . . .[54 34 0) 81 24 0}| Melville Island, 

— North Cubb . .|54 20 0} 80 48 0|| —Hecla and GriperB. | 

— The Twins. . .j53 12 0] 80 35 0 ‘Winter Har., obs. |74 47 10119 48 15 

— Albany Fort . .|52 14 40| 82 0 0} Vur. 127° 48' E. 

— Moose Fort. . .{51 15 54) 80 56 24]) — Cape Dundas . ./74 27 50113 57 35 
| — East Main House .j52 15 0} 78 44 30] — Liddon’s Gulf, | 
— Charlton Island .j52 3 90} 80 8 0 entrance, about .75 2 0113 0 0 

York Factory . . .|57 O 3) 92 26 oj] Cape Hurd. . . .177 42 0 78 47 O 

Cape Churchill . .158 50 0| 93 4 Oj} Cape Bullen . . .74 22 0 81 45 O 

Fort Churchill . . .|58 47 32; 94 13 55]| Cape Warrender . .74 27 0 8140 0 

Marble Island. . ./62 33 0) 91. 6 Oj} Cape Horsburgh . ./74 55 0 75 40 0 

SirT.Rowe’s Welcome Cape Leopold. . .|75 40 0,78 5 O 

— Cape Fullerton’ ./63 50 88 15 0j| Cape Clarence. . .76 45 0) 77 40 0 


ma) 


— Cape Kendall . ./63 Var. 107° W. 


TABLE LVI. 35] 
LATITUDES ann LONGITUDES. 


| (126) Places. | Lat. N. 


ee 


(125) Places. 


Lat. N. | Lon. W. 


°o ‘ a o 4 o 4 
Hackluyt’ sIslands .177 26 0] 73 40 9 Pendulum I[s., S. Pt. .|74 32 19 
Carey’s Islands . 76 49 0] 73 10 4| — Cape Desbrowe .74 40 0 
Cape Parry. . . 77 6 0} 71 23 0} Shannon Island, 
Arabella Rock. . ./76 34 0} 70 34 0} — Cape Philip Broke|74 56 0| 17 22 0 
Wolstenholme S, ent. |76 29 0| 70 0 O} —N.E. Point. . 75 14 0/17 0 0 
Dalrymple Rock . ./76 28 0} 70 42 0{ Jan Mayen’s Island, 
Wolstenholme Island |76 24 0| 70 22 0} — N.E. Point . .71 8 20) 7 25 48 
Cape Dudley Digges |76 5 0| 68 54 0} — English Bay . .71 0 0| 8 9 O 
=,Cape York. . . .|75 55 0| 66 35 0{ — South Cape. . ./70 49 0; 8 44 0 
='Bushnan’s Island. 76 4 0| 65 28 o| — S.E, Cape. . 7 130) 7 29 O 
«Cape Melville. . .|76 3 0} 6430 0 i 
"= Var. 90° 18' W. | Portland Isle . . .jJ63 22 0; 18 54 0 
SSkene’s Islands . |76 5 0] 63 24 0|| Cape Hecla. . . .|63 32 0) 2016 0 
3 Cape Walker . . .|75 46 0| 59 54 0] Cape Reikianess . .|63 55 0) 22 47 45 
Sabine’s Islands . .175 26 0| 60 9 0] Reikiaviig, Road. .|64 9 0) 21 51 30 
Cape Seddon . . .|75 15 0O| 59 10 0. .Bessested . . . .j64 6 9] 21 53 34 
Baffin’s Islands . 74 37 0| 57 35 0/SLambhuus . . . .|64 6 17) 21 55 30 
Devil’s Thumb. .|74 16 0| 57 56 0 > Patrix Fiord . . ./65 35 vad 24 9 53 
Upernavik . . . .|73 25 0| 57 26 O|N North Cape. . . ./66 44 0} 22 44 0 
Vrow or Woman’s Is.|72 45 0| 56 40 0| Holum . . . . 65 44 0 19 44 0 
Black Hook. . . .J71 27 0] 55 31 0} Grim’s Island . . ./66 57 0, 19 12 0 
Four Islands, Point .170 46 0| 54 3 oj} Langanes . - (66 22 0116 6 O 
Waygat or Hare L, Enkuysen Island . &(64 54 0] 10 28 O 


-~N.E.side . . ./70 26 17) 54 51 49 East 
Disco Island, N. end |70 12 0} 55 O 0} Little Table Island .80 48 0 20 25 0 
—S.E. Road. . .69 7 0] 53 30 0} WaldenIsland. . .80 35 0; 19 51 0O 
— Lievely Bay . .69 10 0} 54 30 0|| Var. 17° 42'W. 
Whale Islands, Black Point. . (80 29 0 19 26 0 
— KronPrin’sFactory/68 58 0} 53 13 0} Low Island, W. Pt. .|80 18 0.1810 @ 
x Var. 70° 24’ W. Shoal Point. . . .j80 12 0| 17 52 0 
= Cape Chidley . . ./68 37 0| 53 33 0)| Verlegen Hook . ./80 2 0| i6 32 0 
ASavage Islands. . ./67 44 0} 53 40 0|| Treurenburg Bay, 
Queen Ann’s Cape ./66 26 0) 53 20 0|| — HeclaCove. . 79 55 8) 16 48 45 
‘2 Victorious Rock . ./66 21 0| 53 47 0\| Var. 18° 46’W. 
= Coquin Sound. . ./65 38 0| 53 0 0j|| Cape Fanshawe . .|/79 37 30) 18 17 0 
Mosquito Cove . ./64 55 13) 52 56 45/43 Mussell Bay . . .|79 52 015 42 0 
Godt-haab . . . .|64 9 55] 51 50 0\|=Grey Hook . ‘179 48 0 14.56 0 
Lichtenfield . . |62 59 0| 5118 0/\=Moffen Island, N, Pt.j80 1 0) 14 38 0 
Cape Farewell. . (59 49 12, 43 53 40 = Flat Hook . 79 50 30 11 56 0! 
§ Fair Haven, entrance |79 49 0) 11 25 0 
XXVII. The Coasts of EAST GREENLAND, 3 Vogel Sang, N.end 79 52 0) 11 25 0 
ICELAND, and SPITZBERGEN, with|SFoul Point, . . 479 47 0) 11 20 0 
the adjacent Islands. > = Amsterd am Island, 
=— Hakluyt’s Head 947 0 10 54 


2 Smeirenburg : 


ooo 


Staten Hook . . .{59 38 


O| 44 ol| Dane's Island, Ss. Pt. 
Cape Barclay . - «69 13 O} 24 0) Var. 24° 30' W. | 
Scoresby’s evans 3 Magdalena Bay, entr.|79 33 0! 10 45 0 
— Caps Brewster. {70 11 0| 22 0 ol[SHamburgher’s Bay 79 28 0, 10 45 0 
— Cape Tobin. . ./70 26 0} 2155 0 Cross Bay,,MitreCape/79 10 0) i1 26 0} 
= Cape Stewart . . “ 28 0] 22 36 0 King’s Bay,S, W.Cape!l?8 56 0) 11 33 6 
Rathbone I., E. end .|70 40 0] 2115 0] Charles’ L, N. end 178 53 0| 10 32 0 
= Cape Gladstone ° i 33 0| 21 38 || — Middle Hook . 78 36 0:10 50 0 
© Smith’s Island. . .{71 49 0} 22 17 0O}|| Ice Sound, entrance ‘7s 9 of 14 1 0 
©Cape Moorsom, . ./72 11 0) 21 51 0]| Bell Sound, entrance .|77 35 0] 14 57 0 
@Cape Parry. . . 72 27 0} 21 45 0} Horn Sound, entrance|77 2 4 16 15. 9 
Bontekoe I1., E.end .173 7 0} 2118 ol] Horn Mount . . ./76 58 0| 1635 0 
Cape Freycinet » (72 45 0} 22 30 0} South Cape or 
Cape Broer Ruys. .|/73 33 0] 20 28 0 Point Lookout . .|76 39 0) 17 20 0 
Jackson’s I., S.E. Pt.|73 58 0| 19 55 0 Hope Island, N.E. Pt.|76 33 0| 22 7 0 
GaelHamke’ 'sBay,ent. 74 -8.. 0) 200.00 &SSiW. Point») s~ 476 20 0} 20 40 0 
_ Cape Borlase Warren '74 15 0! 19 21 vil Bear or Cherie » Island 7430. OVID ASLO 


TABLE LVIL. 


THE TIMES OF HIGH WATER. 


On the Full and Change of the Moon, at the principal Ports, and along 
the Coasrs, particularly of Great Britain and Inevanp, with the 
vertical rise of the Tide in Feet at the Spring Tides. 


Situation. Times. | Rise. 


Places. Situation. Times. | Rise. Places. 


Arundel Bar ......|England...... 1 
m.| Feet.|| Asaph (St.) Bay...|Australia ... 
0| 3 ||Ascension Island.../Sou. Atlantic 


h 
A. 
5 
5 
8 || Auckland Harbour |NwZecal.N.Is.} 7 
8 
4 
3 


i Abaco eccccccebeocce Bahamas coe 
||Abd-ul-Kuri_ ....../Indian Ocean 
t|Aberdeen  .........(Scotland 
| |Aberdovy...cosseoves| WAICS seovee 


h. 

8 

4 

i 12 || Augustine (St.) Bar, United States 
i | Abrolhos Brazil.........| 4 

3 

8 

5 

5 

9 


J5 || Augustine (St.) Bay| Madagascar., 
6 ||Avatcha Bay ......|Kamschatka 
1} Ayr eeeorececeossesos Scotland eee ll 
8 


103 
0 B, 
7 ||Bab-el-Mandeb ...|Persian Gulf |12 
Babiai.scice see's chee fH OEABI eres wonbus 
8 ||\Balade Harbour ...|N. Caledonia) 6 
16 ||Balambaugan Isld. |Borneo ......|10 
Balasore River Bay of Bengalj10 
9 Balbriggan ‘Ireland ......110 
17 |\Ballinskellig Bay...|Ireland ......| 3 
8 ||Ballycastle Bay ...\Ireland ......| 6 
Y |/Ballyshannon Bar. .|Ireland ......! 5 
7 ||Balta  ......0+e000e.5cotland 9 
8 Baltimore soccesees Lreland eecees 4 
17 |\Banana Island....../Africa, W.Co.| 8 
2 
4 
0 
3 


Acapulco ........+..|Mexico, W.C. 

5 |Acheen Head ....../Sumatra 
Achillbeg... Ireland ...... 

i | Adelaide Port......|Australia,SC. 

B|Aden  ....cecee---ee./Arabia, SEC. 

f |Adenara .....secees./Hlores, Malay 

Archipelago 

§ Agnes (St. ) ....004.{Scilly Islands} 4 
Agoada Point ......|Hindostan, 

; W. Coast..|10 

4 Aix, Ile d’ ........./France . 3 

| |Akaroa Harbour ...\New Zealand, 3 

b|Akyab .....-cseseee0e/bay of Bengal] 9 

| Albemarle, Port ...|Falkland Ids| 7 
Aldborough ........|England ...|10 

f Alderney Island ...|Eng, Channel} 6 

LAlgoa Bay "ss Africa, S. Co.| 4 
[Altona ....00--+see0e{Germany ...| 5 

f'Amboyna .........|Moluccas ...| 0 7 

i|Ameland Island ..|Netherland .|1] 

f /Amiranté Island .../Indian Ocean| 5 
Amlweh .....ss000.) Wales .4..6.)10 

f |Amoy, (Inner Hrb.)|China, E. Co, |12 
Amsterdam .»./Lndian Ocean|L1 

#/Andaman Island, 

| Port Cornwallis. |Indian Ocean|10 3 

§/Andrava Bay ......|Madagascar..| 3 

S|ANQTA ..ccccesrosncee|AZOLES osees/12 4 

|| Angra Pequena ...|Africa, SWC.| 2 

j|Annapolis .........|Nova Scotia, |11 
Annapolis ......-..|United States] 4 

1|Anticosti Island, |Gulf of St. 

f;| West Point .....| Lawrence.| 2 
Antongil Bay ......|Madagascar..| 4 

| |Antonio, Cape St. |Cuba ........] 9 
Antonio, Port St...|Patagonia ...|10 
Antwerp ......+00...|Belgium ...| 4 
Aor Pulo.,.........../sumatraNEC 
Apalachicola Bay. .|Gulf Mexico 
Arbroath ....0..0...\Scotland ...| 1 
Arcachon ...s.seee0.;France ...00| 4 37 
Arcas Rocks ...... Gulf Mexico | Noon. 
Ardglass .....ssese./Ireland .....-/11 
Ardrossan ..cessee Scotland ...,1] 
Arica Road ......0./FEFU <...eceee 
Arkhangel ......+ --| White Sea...| 7 
Arklow ee{Ireland ......) 8 


4-5 ||Bancoot River......|Hndstn. WCo 
Moluccas ... 
Banff Seotland ... 
7 ||Bantant © .2..,. sms. Java 
83|/Bantry Harbour ...|Ireland ...... 
18 ||Barbara, Port ......|Patagonia, 
16 W. Coast .|12 
3 ||Barbe (St.) ... ...../SumatraN EC} 6 
Bardsey, Island ... Wales. ccccces 
83||Barfleur .......-....|France ......| 8 
Barmouth 
Barnstable ........ {United States/11 
Barnstaple Bar .../England......) 5 
Barren Islands......|Madagascar..| 4 
Bas, Ile de .........|France 4 
Bassein River ......| Bay of Bengal|10 
Batanes, Basheelds,|China, E. Co, 
Batchian, Gilolo...|Moluceas ...| 1 
}|| Bate(Gulf of Cutch)|Hindostan .../12 
| 28 | Bathurst oes. (Gulf St. Law.| 3 
| 15 |'Baticolo River......|\Ceylon ......) 5 
5 ||Bay of Islands .....|New Zealand| 7 
4 |\Bayonne (Bar)....../France ......| 3 
14 | Beachy Head ...../England......{I1 
113] Bear Cape .........|P.Edward'’sI | 9 
15| Beaufort ............| UnitedStates| 7 
16 | Beaumaris ...-.....| Wales ......|10 
10 | Beaver Harbour ...;AmreaNWCo) 1 
5 |. Belfast ......seccesse.(treland ......|10 
23) Bell Sound ........|Spitzbergen..| 8 
4 |Bembatooka Bay. .|Madagascar..| 4 


eeeventreee*** eee 


Arnhem Bay ......;Australia | 8 
Arthur, Port ....../Tasmania ...| 7 


0 6-8 | Bembridge Point...|England 


52 4 |\Bencoolen ...... »e-/pumatra 


TABLE LVII. 


TIMES OF HIGH WATER. 


353 


ene 


Places. Situation, | Times. | Rise.| Places. Situation. | Times. | Rise. 
h. h. m.| Feet 
Benin River ......|Africa, S. Co.| 4 Cajeli Bay ...0060..|Bouro. ......| 1 0} 6 
Berbice ......s0e+..|Guayana -...| 4 Calais sscscccesseeee-[France .o...(81 49) 195 
Bergen ....0. ..«.-|Norway ......| l Calcutta ......+c.0-|Bengal ......,| 2 30 
| |Bermudas, Ireland’ Caldy Island .. ...|Bristo] Chan.| 6 0} 24 | 
Island .....eseeee-/North Atlan.| 7 Calebar Rio.........|Africa, W.Co.| 5 9 | 
Berwick .......0...-/Scotland ...| 2 Caledonia Harbour|NewGranadaj!1 40) 13) 
Bic Island ........-|Gulf St. Law.| 2 Calf Sound .........[Isle of Man .|11 17) 163, 
{ |Bilbao Bar ........-|Spain ......000| 3 Callao Bay ...se00cs|Pertt sve 5.47) | 
Blakeney Bar ......|England......| 6 Camaguin .........(Babuyan Is..| 6 0) 6 | 
Blanco (Cape)......| Africa, W.Co.|11 Cambing ...........-|Banda Sea...| Noon | 6 | 
Blewfields .........|Mosquito Co.| 1 Cameroon Rio......|Africa,W.Co.| 4 0} 6 
Block Island ......|United States) 7 Campbell, (Cape)..|New Zealand] 6 | 8 
| |Blyth ....-..se0c0¢..-|England......| 3 Campbell Island .../South Pacific|12 0) 43 
Gi\Bodega ............ California ...|11 |Campbell Town ..!Gulf St.Law.| 4. | 10 
Bojador (Cape) ...j/Africa ......|12 Campbellton ......|Scotland ...{I1 45] 83 
Bolt Head .......--|England......| 5 Campobello.........|Bay of Fundy|!1 19) 21 
Bombay (Dk. Yd.)|Hindostan ...|11 Cancale Bay ...... France ......| 6 20) 37 | 
Bonacca Island ...|Bay of Hond.| 9 Canso Gut ....6- ...|Nova Scotia .| 9 10) 43 
Bonny R. C. .....| Africa, W....| 5 Canso Harbour .../C. Breton Is.| 7 48) 63 
| |Bordeaux ........-|France ......| 6 Canton, (City)...... China.........| 2. 40 
{\Borkum Road. ...|Germany .../10 iCape Coast Castle.|Africa, W.Co| 4 30) 6 
Boston Sluice ......j/England......| 7 Capricorn Group...|Austl.,E.Co.| 8 0) 7 
Boston, Charleston Cardiff ......seseeees-| Wales ......| 6 59) 38 
Yard 2... «+e---| United States 11 Cardigan ........- [Wales ......| 7 1) 12 
Boston Light ......| United States 11 Cardagos Garayos 
‘Botany Bay........-|Austral.,E.C.| 8 HORS ite ceoseues Indian Ocean| 2 4 | 
Boulogne .....e..6e+-/France ....../11 ‘Carlingford Bar ...|Ireland ...... 10 17 
| Bow Island ......-«-/South Pacific, 2 Carlisle, (Port) ...|England...... 12 20 
Bowen Port. .....-|Australia ...| 9 Carlos, (St.) Port../Patag.,W.Co|11 6 
Boyanna Bay ......|Madag.,W.C.| 4 Cartagena .........|New Granada] 11 2 
Bravo ...+0e.seeeeee|Africa, E.Co.| 4 Carteret, (Port) ...|France ...... 31 
\Bray Head .........[[reland ......10 Casquets .......06.0- Eng. Channel} 6 15 
Bréhat ...cccseccsecee|F TANCE cescee| O Castlereagh, (Cape)|Tierra del 
Brest ....sessceeseee/France ......| 3 Fuego ...| 2 4 
Bridgewater Bar...|England......| 6 Catharina, (St.) Pt.|Brazil......... 2 3 
Bridlington ......++-/England......| 4 Catoche, (Cape) ...| Yucatan 9 1 
Bridport ......+..e«-|England......| 6 Cayenne ............|Guayana ...) 3 6 
Brielle ............+«.|Netherlands .| 3 Cayeux cicsesecssds|FTANGe «2000. il 275 
Brighton ..........«./England......{11 Ceuta ..... e.cosee-|Africa, N. Co} 2 33] 
Bristo) (King Rd.) 'Eugland......| 6 Champion Bay ...|Austl.,W.Co.| 9 1 | 
British Sound ......|Madag., E.C.| 4 3|\Charles, (Cape) ...|United States! 7 5 
Broad Sound ..... |Austral.,E.C./)1 Charleston .......-.|UnitedStates| 7 6} 
Broadhayen Har...|Ireland ......| 5 |Charlotte Town ...|Prince Ed, Is.|10 93 
Broken Bay........ |Austral.,E.C.| 8 Chatham ........00..|Jongland...... 1 173) 
Brouwershaven ...|Netherlands.} 2 15) 10 ||\Chatte, (Cape) ...|UnitedStates|12 13 | 
Bruni River...... ..-(China, E, Co.jJ1 | 12 ||Chausey Islands.. |France ......| 6 3d 
Buenos Ayres ......\Sou. America} Noon. |Irreg'|Cheduba ............|Bay of Bengalj 11 8 
Bulama Island, Chepstow  .........|Fngland......| 7 38 
Arcas Channel. .| Africa, W. C.|10 10! 14 |\Cherbourg .........,.France ......] 7 17 
Bulsaur River ......|Hindost., WC] 1 45) 18 |\Chester ..........«./Hngland..,.,../10 26 
| |Buneranna .....-...\Ireland ......| 5 40) 16 |\Chichester ........./England......j11 
Purntisland .........|FirthofForth| 2 24) 164)Chignecto, (Cape) .|Bay of Fundy|11 32 
Bushire River ....../Persian Gulf | 7 40} 53||Chimmo Bay ......|China, E.Co.}10 16 
Bussorah Riy. Bar |Persian Gulf.|12 0 Chinchew Harbour|China, E. Co. 12 17 
Button Islands ...|HudsonStrait) 6 5 Chinhae, (Yung R.)|China, E. Co. \1l 123 
Byron Cape......-«.-|Austral.,E.C.| 9 45) 6 ||Chittagong Bar ...|Bay of Bengal) 1 15 
hy . Chosan Harbour...|Japan Sea... - 7 
Piano scee css senss-(Ehpainsin cesses] 1 45u Qh cee ee nen nea eeel 7) $ 
CAEN Fecasececceese-|FTANCE ...e0s1k0 57 Christmas Island.../Indian Ocean 10 : 
Caermarthen Bar..|Wales ......| 6 16) 26 ||Christmas Harbour Kerguelen Is.| 2 2 
Caernarvon .........| Wales ......| 9 33] 132|Chusan, Ting Hae.|China, E.Co. 11 12 


Places. Situation. 


TABLE LVII. 
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Times. 


Circular Head ....../Tasmania ... 1 


Clara Sta. Island, .;|Ecuador...... 
Clear, (Cape) ... ..{Ireland ...+0 
Cobija Bay eoecee: ve Bolivia ...006 
Cochin Harbour ...|Hindostan ... 
Cockburn, (Port)..|Africa, E,Co.| 4 
Cod, (Cape) ....../UnitedStates 11 
Colarados Rio ......|La Plata ...| 3 
1 |Columbia Rio ......; Amer.,N we, 
Comorol.(Johanna) Indian Ocean 
Condore .........e.. Cochin China 
Conquet Road...... France ...+.. 
Coquet Road ...... England...... 
1|Coquimbo Bay ... Chili .....-s0 
Cordouan Lighthse. France ......| 
Coringah Bay ...... Bay of Bengal 
Corisco Bay......... Africa, W.Co 
Cork, (Quay) Treland 
Cornwall, (Cape). .| England 
COTUNNA sso cvace-c0s, PAA cecconces 


Cowes, (West) ... England...... 
| 


Coy Inlet......-..... Patagonia ...) 9 
Crane Island ...... R.St.Lawren.| 5 
Sroe Harbour ...... Newfoundld. | 6 
| |(Cromarty......6......cotland .../I1 
Cromer Msn scons Muigdabd.... i: 7 
Crooked Island .../Bahamas ...| 7 
Crookhaven ......... Ireland ......| 4 
Cuckold’s Point ... RiverThames|. 1 
Cumberland Basin. Bay of Fundy|11 
Curieuse .......s00.,seychelles, 

Ind. Ocean} 5 
Curtis, (Port) ......; Austral.,E.C.| 9 
Cuixhaven .ec-eee.;}Germany ...| 1 


D. 


Dalrymple, (Port) ./Tasmania .,.|12 
Damaun Bar ......|Hindostan... 
Dampier Strait ...|Moluccas ... 
Darnley Island .../Torres Strait 
Dartmouth .........;England...... 
Darwin, (Port) .../Australia ... 
Dauphin, (Fort) ...|Madagascar . 
Deal (Sic052 0% ovceeees England...... 
Delagoa Bay, Port 

Melville ........./Africa, S.Co. 
4 | DclawareBreakwtr.|United States 

Delgado, (Cape) ...|Africa, E. Co. 
Delhi, River ......\Sumatra...... 
Demarara, River...\Guayana ... 

Desire, Port ......|Patog., E.Co. 
4 | Devonport Dk. Yd. |England...... 
Diamond Island ...|Bay of Bengal 
Miamond Point ...!Malacea Strt. 
Diego, San (Cape). Terr.delFueg. 
Diego,San,Garcia I. Indian Ocean 
Dielette 0. sesccecs|F TANCE seccee 
Dieppe ecsivescoseses|FTADCE ceccee Ll 
Dingle ............0../[reland 
Discovery, Port ... Armor, NWO; 2 
Dislocation Harb, .|Terr.delFueg, 1 


— & OS © 


— eee 
Om PNOUN KR RRO 


40 


Rise 


133)|Dunkerque ... 
4 | Dunmore 


7 


4 


s||Dublin, (Bar) 
1!/Dunbar 


4\|English, Riv., Dela- 


9 EGXINOUCH See cssicdetne 


4!/Flatholm Island ... 


Places: Situation. 


\|Diu Island. .........|Hindostan ...| 2 


Divy Point .........| Bay of Bengal 
Doboy Lighthouse. | United States} 7 
Donaghadee ......|Ireland ......{11 
Donegal Harbour ..|Ireland 5 
Douglas .......0+++-|Isle of Man, .|1] 
Dover's ...%, ..2i04 ean ded 
Dragon’s Mouth ...|\CaribbeanSea| 3 
Treland ....../11 
cecoscseeneeicotland ...| 2 
Duneansby Ness .../Scotland ...|10 
Dundalk ...... eo... Ireland ,...../10 
Dundee  ...+..0...--/Scotland 
Dungeness ........./ England 

ae-] REMTIOG s 503 be8 
eoeeee/Ireland 
Durnford, Port ...|/ Africa, E.Co.| 4 
Dusky Bay ........-|New Zealand|11 


E, 
Easter Island ...... 
Edgar, Port......... 
Egg Island Lightho. 
Egg Island ......00 
Elba, (Entrance)... 
Elena, (Sta.) Port. 
Fimden. saccautpsnccs 
Endeavour, Riv.... 


South Pacifie| 2 
Falkland Is,.| 7 
United States} 9 
Gulf St. Law.| 2 
Germany ...|12 
Patog., E.Co. 

Germany ...|12 
Austral.,N.C. 


FOa Bay cecccesee 
Essington, Port ... 
Evangelist ..sscseee 


Africa, 8.Co. 
Austral.,N.C. 
Patag., W.C. 
England...... 
Bahamas ... 
Scotland 


FORME «0 due de senecte 
EKyemouth ceccooces 


F, 


Fair Isle .......0... Shetland ..,/11 
Falmouth ...... ../Englamd......| 4 
Famine, Port ......|Magellan Str./12 
Fayal  ....cescsvcesee| AZOPES 

Fear, Cape ......... United States} 7 
Fécamp .........++./France ......|10 
Fernando Noronha Sth. Atlantic 
Ferrol: ...:hccctecedas Opin sat tebieg 
Filey Bay.......<+se0/ 0Z1aNd oseee. 
Finisterre, Cape ...'Spaln .....e0e. 
Fishguard .....:.0.| Wales © ...00. 
Flamboro’ Head ...|England...... 
Flamenco, Port ...,Chile ......... 
Bristol Chan. 
i\Fleetwood, Port . |England 
Florida, Cape ......|United States} 8 
Flushing ........-.- Belgium......| 1 
‘Folkestone ......... England...... 
‘Formby, Point ... England...... 
Foulness, Crouch R. England...... 
‘FOWeY ..-ccccesseeess ENgland...... 


3|'Foynes Island ...... Ireland ...... 


Francisco, San... California ... 
Funchal Bay ......Madeira...... 


Times. 


TABLE LVII. 


TIMES OF HIGH WATER. 


Situation. 


Places, 


Gaboon River ......| Africa 
Gallaut (Port)... ..| Magellan Str, 9 
Gallegos (Port) .,.|Patagonia EC 8 
Galloway (Mull of Scotland ..,/L1 
Galway ............ Ireland ...... 
Galveston ......... Gulf Mexico 
Gambia River ......| Africa, W.Co.| 8 
Gambier Island ...|Austral S Co. 
Gaspé Basin ...... GulfSt. Law. 
Gay Head ......... United States 
Geby, Fohou Isld. |Moluccas ... 
George Shoals....., United States 
| Georgetown (Entr.) United States 
Geriah Harbour ... Hindstn. WC. 
Gibraltar <5...0sées0e SPAIN crecgeuse 
Glasgow ............, scotland 
Glenan Isles ......|France ...... 
Gloucester (Cape). |Trr.delFuego) 
Goa ...-0ee00-eeeeeeee Hindstn. WC, 
Goeree (West Gat) Holland ...... 
Good Success Bay.|Trr.delFuego 
Goree Road ... Trr.delFuego 
\Gracias Cape, Harb, Bay of Hond.10 
Grand (Port) ......Mauritius ...| 1 
(Granville Beton, | Prange. eet: le 
Gravelines ........./ France seve. 12 
Gravesend .........|England......| 1 
Green Island ....... Riv. St. Law | 2 
Greenock ...00... Scotland .,.|12 
Greenwich .........Eugland......| 1 
Grisnez (Cape) ... France ......{L1 
Guatulco ......+0....| Mexico WCo. 
Guayaquil cee cecses|LuCUAC OF. es cee 
Guaymas .........+..| Mexico WCo. 
Guernsey Pier ...|Eng. Channel 
Gun Cay ...--.+0.-..| Bahamas 
Gundavee River |Hindostan 
(Entrance) ......| W- Coast.. 


H. 


j|Haarlem ......+..... Netherlands. 
Hakluyt Head ...|Nova Zembla 
Halifax sessassesvesl NOVA Scotia. 
Hamburg ........Germany ... 
Hammerfest seeeee Norway . nthe 
Hammond Knoll.. - England Eo. 
Handy (Port) ....... New Zealand 
Hartlepool ......... England...... 
Harwich .......0.... England ...00. 
Hastings ............ England....../10 
Hastings Harbour.. Bay of Bengal| 10 


— 


Phe CMe ~pKwaIS Wee 


— 
bo Osta rsae © 


Hatteras (Cape) .... 
Havana 
Havre 
Haytien (Cape) ... 
Helena, (St.) Bay.. 
Helena, (St.) Isld. 
Helgoland ......008 
Hellevoetsluys 
Henlopen (Cape). . 
Henry (Cape) ......| 


eeeeeeseoore 


eeoreereseeeoes 


United States} 9 


BC UDR. coeireZ 


France ......| 9 
San Domingo} 6 


Africa, W.Co.| 2 
.Sou. Atlantic! 3 


Grmn. Ocean}11 


‘Netherlands. | 2 


United States] 8 
United States| 7 


30 
Ll 
33 
30 


m/Co 


vi- 


NOW Owe Ps Ore oH 


— pt fees ir) 
awSsgewed 
or ro 


mle 


—_ 
ao] 


— 
— OO 
iw 


bo 
WO 
\—~ 


135 
5 


3 
22 
3 


3 


94 
8 


0| 3-4 


40 


4 


*|| Jackson (Port) 
Jask (Cape) ...cces0«| 


Hillsborough Bay.. 
Hobarton 


Hokiango Riv.(ent.)}) 
| Hollesley ........ wien 


Holmes Hole ...... 
Hoivlsland Jccascns 
Holy Head ........ ° 
Honfleur ..... 
Honoruru 
Horn (Cape) 
Horn (or Blaavan 
Pasty” deesere aay 
‘Houtman Rocks... 
Howe,(West Cape) 
Howth Harbour... 
i|Huacho Bay ....... 
Palle. 3. eis 
‘Hunter (Port)...... 


Tj 


Ilfracombe .....ceces 

Indus (Gizree Bun- 
ACT) aves 

Inhambane River. 


TAVOTNESS Joes oecscce 


EDSWICH,” acs soosshece 
Iquiqui Road ...... 
Islay....cs 
ives (St.) 


J. 
Jacinto, San (Port) 


eeeerevces 


eeerveceee 


Arif. i er 
JericOacoara seeeee 
Jersey (St. Helier) 
Jervis Bay .......0- 
RC SY Cevcese sds 
Johanna Island ... 
Johw(St.}\ sccceseee 


..|Australia ... 


Situation. 


‘||Herradura Point...|Chile ......... 


England...... 
Wales 
France 


Austral. E.Co} 9 


England...... 
Hindostan, 
W. Coast.. 


.|Africa, E.Co. 


Scotland ... 
‘England.....- 
Cts decassace 
[POF Un ses tevend 
England...... 


Ticao Island, 
Filipines, . 


Persian Gulf. 
Nova Scotia. 
Brazil 

Eng. Channe 
Austral.ECo. 
Red Sea...... 
Mozambique. 
New Brunsk. 


— 


— 


John (St.)  ...... 
John, (St. ) River. . 
Joombas River 
Juan de Nova...... 
Juan, San 
Juan, San (Port).. 
Julian, San (Port), 
Junkseylon Island, 


eeeveseee 


alerted. ccecakee 


.|NewfoundInd 
Africa,S.Coa. 
..|Afrioa, W.. Co. 
Madagascar.. 
Porto Rico... 


Oe COmsT EHH DAK IMHH8M6S 


— 
— 


Patagon. ECo 


East Side.........| Malacca Stra, 


K. 


Karakoa Bay ......|Owhyhee ... 
Katwyk ........+...| Netherlands 
Kedgeree .......-., Bay of Bengal) 11 
Keeling Islands, 

Port Refuge......'Indian Ocean} 5 
KelungHr.Formoza China Sea .../10 


855 


Times. Rise, 


356 


Places. 


Kenmare _ River, 

West Cove .....|freland ......| 3 
Kentish Knock ... England... 
Keppel Bay ........|Austral.E.Co! 9 
Kildin Island ....../Lapland......| 6 
Killibegs ...........-\[reland ......| 5 
Kilrush  .......eee0-/Ireland ......| 4 
King Island........./Bass’ Strait. .| 1 
Kingstown ........-|Ireland 
Kinsale .......00e+|Ireland ......| 4 
Kirkeudbright......'Scotland  ...{11 
Kishm, Kishm Isld.|Persian Gulf |11 
Kooria Mooria......|ArabiaSECo.| 8 
Krakatoa Str. of Sunda! 7 


errocassee 


Lancaster 

Latham Island ...| Africa, E. Co.| 
EPUB aintevasas «ee. /9cotland 
fieman Shoal ... 

Lerwick .........0«-/Shetland 

Leubu River ......!Chile 
Leven Port ......0.. Madagascar..| 3 
Limerick ............|Ireland ......| 6 
Lindy River Entr..|Africa, E.Co | 4 
Lintin Island ......{China ....../12 
Lisbon Bar ......... Portugal... 
Liscomb Harbour . 
Littlehampton...... Stare 
Liverpool 

Lizard Point ...... 

Loanda, San Paul.. 5 
Lobito Bay .........|AfricaS WCo. 
GOLGI. oo bs ccoweeres REA Sed:-r00s 


Lomas Point ..... 
Lombock, Ampa- 


London Bridge 
Londonderry 
Lookout Point 
Lopez (Cape) ....« 

L’Orient, (Port) ....\France ... 
Louis (Port) Mauritius. ...'12 
Louisburg Harbour CapeBretonl. 

j |Low (Port) ........./Patago. WCo. 
Lowestoft [England 

Lucas, San, ee . California ... 
Lundy Island . AR ngland...... 
Lyme Regis...... is Bogland 
Lynn Deeps ......|England...... 


M. 


Macao cccsecces 
Machias, Seal Isld. 
Macowa ...céseecees 
Macquarie Harb. 


---|England...... 
emda ns pence 


China, E.Coa.|10 
Bay of Fundy|10 
Red Sea......| 0 
-.|Tasmania ,..| 7 


52) 
47 


16 
42 

0 
10 
43 
10 

0 


21| 


0} 26 'Mira-por-vos eoeees 


0 
58 
30 
30 


30.9 14)'Magadoxa ......... 
45 


as Mazeira Island 


18 ||Mogador ..........6. 


TABLE LVII. 
TIMES OF HIGH WATER. 


Situatien, Ti . 
h. m. 


imes | Rise. 


Madame Island 
10 ||Madras Road . 


...| Madagascar. . 
Coromandel 
Coast .. 
Afriea, E. Co. 
Gulf St. Law. 


12 ||Magdalen Island.. 
112|\Magdalena, Santa, 
14 Magellan Str. 
Magdalene Bay ...\California ... 
il ||Mahons River ...... 
113||Majambo Bay ......|Madagasear, 
23 W. Coast, . 
12 ||\Makumba River ...|/Madagascar, 
63 W Coast.. 
Off Mount 
Formosa... 
Malacca Str. 
Spain ....6ees: 
Maldives ... 


4 Malacca, Strait ... 


Malacea Road...... 


Malaga 
re REGIE 7. 50025. c8tbadsee 


A hd 


‘Malpelo Point... 0s|/POrt wscassced 
Man of War Cay.. |Bay of Hond. 
?|'Manicouagan River|Riv. St. Law. 
1||Manila, Luzon Id. |China Sea ... 


Maranham .....006. 
Marblehead 
1||Marcouf Strait. 
|Margate . ..|England...... 
|Martaban...... .....|Bay of Bengal 
1 |Martin, (St.) Cove. |Trr. delFuego 
6 | Martin Vas Rocks |Sou. Atlartic 
6) | Mary, (Cape St.). .|Bay of Fundy 
16 ||Mary (St.) -see.--|Seilly Islands 
Massowah Red Sea...... 
142 Matan River ......|Guif St. Law. 
5 \|May (Cape)...«...../United States 
Mayhé Island ....../Indian Ocean 
» ||Mayotta Island .../Mozambique 
151 Mazatlan Mexico,WCo 
bd ..|ArabiaSECo. 
‘||Meichen Sound .../China, E.Co. 
Melinda Point......|Africa, E.Co. 
191! Mellacoree River...| Africa, W.Co. 
7} Melo (Port)........./Patago. E.Co. 
4) Mergui .-|Bay of Bengal 
5 | Merjee River ......|Hindos.WCo. 
|Mia-tao Straits ...| Yellow Sea.. 
o ||Michael (St.) ......,;AZOres 22... 
Milford Haven Wales 
'|Min Riv.,TemplePt. 
at Mindanao _ .........|Filipines 
? |Minehead....... ooee.| England...... 
2 |Mingan Harbour...|Guif St. Law 
112 |Minow Island ..... |Madagascar, 
+4 W. Coast.. 
Bahamas ... 


Brazihvdesssce 
.|United States 


Seeteseces 


iMissisippi, S. W. 
Passage .<seceses 
Mocha Road, E.Co. 


Gulf Mexico 
65 
Africa, W.Co. 
2 ||Mombaza (Port) ...| Africa, E. Co. 
3 |\|Mongamie Harbour|New Zealand 


United States 


| Times 


“10 -»& B® ONIN SORT BPH 


12 
12 


g ||Malo (St.) ssc.sse-/France ...0. 7 


8 
2 
10 


Manukau Har. Entr.|New Zealand} 9 


Il 


France ......| 9 


1] 
2 
3 
3 

10 — 
4 
1 


2 


8 
4 
4 
9 


10 
12 
4 
7 
3 
10 
il 


1 
4 
8 1 


Rise. 


TABLE LVII. 
TIMES OF HIGH WATER. 


Places. Situation. 


h. 
Monomoy .........| United States 11 
Monterey............|Oalifornia ...|10 
Montrose .......,./Scotland .,.| 1 
Monts, Port de .../Gulf St. Law. |12 
Morebat (Cape) .,.|ArabiaSECo,|} 9 
Moreno, Constitu- 
cion Road .....|Peru ...,....{10 
Moreton Bay ....../Austral.ECo.| 9 
Morlaix Road ....,.|France ......| 4 
Mossel Bay ......-..|Africa,S. Coa.| 3 
Mount Dessert Ild.|United States 11 
Mourondava ......| Madagascar, 
W. Coast.,| 4 
Mozambique Harb.| Africa, E. Co.} 4 
Mugeres Harbour..|Bay of Hond,} 9 
Mull of Cantyre .../Scotland ...|10 
Musa (Port) ......|Babuyan Ild. 


N. 


Nagasaki Bay .......Japan Sea...| 6 
Nagore Bay of Ben. 
gal,W.Coa,| 8 
Nancowry Harbour|Nicobar Ilds.} 9 
Nangka Island. ....|Banca Stait.. 
Nantucket ... .....| United States|12 
Narrinda Bay ......| Madagascar, 

W Coast..| 4 
Bahamas ...| 7 
Natal (Port) Africa, $.Co.| 4 
Needles Point......|England ...| 9 
Negapatam .........|Bay of Bengal] 5 
Negro River.........|Patagonia ...|1] 
.\New Zealand| 9 
New Bedford, Ent.| United States} 7 
New Castle .........| United States|I1 
New Haven.........| United States 11 
New London ..,...|UnitedStates, 9 
New Providence, |Bahamas ...} 7 
New York.........., United State | 8 
Newburyport ......|United States 11 
Neweastle .........|England......| 4 
Newhaven .......-./England....../1] 
Newport ..... UnitedStates 7 
Newport ............|Wales, 8.Co.| 7 
Nicholas, (St.) Har. |\Gulf St.Law,| 1 
Nicholson (Port)...)New Zealand! 4 
Nicoya, Gulf ......|Cntrl. Amer.| 3 
Nieuport ...........(Belgium .,./12 
\Ninepin Group .../China, E. Co. 10 
\Noirmoutier ....../France ......) 3 
[Nore..... ssssesseseee(England......[12 
\Norfolk Island......\South Pacific) 7 
\Noss Island .........|Madagascar.. 
[Nnevo Gulf .........|Patago E.Co.| 7 


0, 
Ocracocke . .......|\UnitedStates} 9 
Old Pt. Comfort...|United States} 8 
Old Providence 
Oleron, Ile de......|France ......| 3 


Times. | Rise. 


Situation. 


m‘| Feet 


5} Oporto aecdeced bas P OTUMED ccna. 
4} Orange Bay.........| Trr.delFuego 


357 


Times. | Rise. 


2 
3 


13 |\Orfordness ......---/England......|I1 


12 |\Ostend 


soccoeceeces| BElZiUIM oe, 04 |L2 


0| 6 |Otago Harbour ...|New Zealand) 2 | 
Otaheite ............ 50uth Pacific} Noon. 


0 


30| 3-7 
24 


17 


...|(Bay of Hond.| Irreg. 


50 


j 


4 ‘Otway (Port) “s.s-<2 
‘Ouro River ...cocces 


|Ower Shoal ...c...., England ECo, 
Pi 
12 Padstow sev vereeosses England.. see 


12 Palmas (Cape)......|Africa, W.Co. 
1}, Palmeira Point ...|Ceylon ...... 
1, 


6 | 
fil 


‘Panama Road ......|Cen. America 


eT ee bB sede NO, 


Patago. WCo.|!1 
Africa, W.Co.|12 


6 


12 


\Passamaquoddy ...|Bay of Fundy|11 


'Passandava Bay ...|Madagascar, 

64 W Coast.. 
‘||Patta Bay .........|Africa,E. Co, 
Paul de Loanda,San| Africa,S W Co 
3||Paul, (St.) Island. .|Indian Ocean 
12 |\Pei-ho River ......{China, Yel- 
33 low nih 
Pelew Islands ......|North Pacific 

15 ||/Pemba Channel ...};Mozambique 


6 | Penang.......00++.+«| Malacca Strt. 
74|,Pends Cape ........|Trr. del Fuego 
3 | Peniche ..|Portugal...... 
14 ||Penmark Rocks ...|France .,.... 
14 | Pensacola............|Gulf Mexico 
43/ Pentland Firth, W. 
7 || Side .....- ceeeovee-jcotland 
64) Penzance ............|England...... 
3 Pernambuco eovees Brazil...... vee 
4 \Peros Banhos ...... Indian Ocean 
54{ Pescadore Islands..|China Sea ... 
Y |}Peterhead ........./Scotland...... 
104) Philadelphia United States 
20 | Philip, (Port) Capel 
BED: ot PAW sins wiateue ...../Austral.$.Co. 
24 | Pichidanque Bay...'Chile ......... 
12 | Picton Harbour ...|Nova Scotia, 
5 | Pillar (Cape) ....../Tasmania .. 
10 Pisco Bay eocccces: Peru se eeveee 
16 | Placentia ............|Newfoundld. 
5 | Plettenberg Bay ...|Africa, 8. Co. 
16 | Plymouth Breakw.England 
153} Plymouth......... ...,| United States 
7 | Pomba Bay Africa, E.Co. 
15 |! 


Portendik ........./Africa, W.Co. 


( 
10 Poole sereesenesssoee England ... 0.) 


fo 
Com bo OD > 


-SCO— Pr KO 


ow © he SC 


I] 
4 
9 


10 


Portland ............, United States, 11 


Portland Breakwr. England 
Port Madoc........ Wales ...... 
Porto Prayo C. Verde Ils. 


jg | Portsmouth D.Yd. Engiand...... ll 


37 


12 49) 


0 
25 
] 
30 
0? 
41 


Or Or Co ODD 


— —— 


* Aprii to July 


Onega River White Sca...| 9 i 6-7 se _ t August 


358 TABLE LVII. 


TIMES OF HIGH WATER. 


Places. Situation, | Times. Rise, Places, Situation. | Times. | Rise. 


h. m.|Feet. . 

Portsmouth ......| UnitedStates 11 23; 10 San Lucar ........./Spain.........) | 53) 125 

‘Post Office Island |Galapagos ...| 2 10| 6 |lSandalwood Bay...|Fijii Islands'| 6 0) 6? 

Pouinipet Island..,|Caroline Isld.| 6 0) 4}/Sandy Hook ....../UnitedStates| 7 29) 93 
Princes Island ...|BightofBiafral 3 45} 43)'Sandy Island ......|Madagascar, 

[Puget Sound ......,/Amer.NWCo| 6 0} 18 W. Coast | 5 0} 19 

t |Pulicat Shoals .....|\Coromandel Sanguir Island......|Moluccas .. 6 

Coast ......| 9 25] 29)Santa Cruz River. ./Patago.E.Co.| 9 30) 40 

Pulo Condore ......|China Sea ...| 3 0) 4 |/Santa Maria Island|Uhile .........,10 20) 6 

Santandar .........|Spain .e..000..| 3 30) 15 


| Q Saparooa Island ...|Moluccas ... a 
. 38 Saugor Island ......|Bay of Bengal 

Ha Sa OE ema Sit. : 0 fe 1|\Savannah, Entr. ...|UnitedStates| 7 20) 8 
uote F Chatlionan : 7\\Scalloway ....e...(Shetland ...| 9 30 54 
ate Wary #eelanat ee SOT a Searborough ...... England......| 4 11) 159 

Doentin Re tons California 9  5| g |Scarcies Rivers ..,|Africa, W.Co. 7 10) 10 

Queenstown........,{Ireland eoee| & 1) 11]Seilly. (St. Agnes) |(England....,, 4, 30a 

Gelliahines a aed: Pet U g |\Sea Bear Bay ......|Patago.E.Co.|12 45 7 

(Quilimane Riv, Ent| Africa, F.Co.| 4 15) 16 |Seal Isld., C. Sable Bay of Fundy 2 y 

f (Quiloa Harb. ......|Africa, E.Co.| 4 45) 12 |/8° os an acu aes Cs 


‘Sein, Ile de ........./France ......| 3 21) 174 


R Selsea Bill ...... ..|England......{11 45) 163 
‘ senegal ic iieees des Africa,W.Co.10 30}: 
Rachada (Cape) ...|Malacca Strt.| 5 30| 13 |/Serrana Bank ......| Mosquito Co ; 
Radama (Port) .../Madagascar, Setubal ..... -+e-./Portugal......| 2 30 
| W.Coast..| 4 40] 13 [Seven Islands ...... Lapland......| 8 20) 12 
Ragged Island...... Java Sea ...| 8 10| 3 |Seven Islands Bay |GulfSt.Law| 1 40) 9 
Ragged Point ....../Borneo, ECo. 7 |\Sheerness.........+..|/England......| 0 37 16 
Raine Island ......|Torres Strait} 8 10! 10 ||/Sheet Harbour ...|Nova Scotia. 8 . 6} 6) 
Rajahpoor Harbour/Hindos.WCo.|11 0} 12 ‘Shelburne . « Sesppoess Nova Scotia.| 8 30) 8 
Ramsey .seecceeeeee(Isle of Man../11 12) 19}||Sherbro River...... Africa,W.Co.| 6 0} 11 
Ramsgate....s.s0-+--|England....-./11 44} 15 ||Shields, North......|England......| 3 23} 133 
Rangoon .....eese+e-|Bay of Bengal) 5 30) 21 Ship Harbour ...... Nova Scotia..| 7 54| 63 


Ras-el-Khyma......{Persian Gulf,|11 | 7 |Shoal Water Bay. .|Austral. ECo |10 30) 12-18 
Realejo.....eseeeeeee-(Cen. America} 3 6} Ll Shoreham sreeeees|England...... Ik 34) 18 
Rendesvous Island. |Borneo, S.W. Sierra Leone ...... Africa, W.Co. 


7 
Coast .....; g |\Simon’s Bay ......{Africa ......) 2 44 a 
Resolution Bay ...|Marquesas...| 2 30| 4 ||Simov’s, St., Isld. .|UnitedStates| 7 43) 8 
Rio Janeiro ....+...-|Brazil........| 3 0| 4 |/Singapore...........|Malacea St...) 9 49) 10 
Rocas ..-seeceseeeeee[Sou. Atlantic 5 15] 10 ||Sisal.se-eeeeeeeeeeee.|Gulf Mexico 2 
Rochefort ....e000|/France ..see| 4 6) 17 [Sitka ..seess+eeee./Amer.NWCo| 0 34 
Rochelle ........eee.[France ......| 3 31] 17 [Skerries ......+--.. Ireland,NCo.| 6 15) 5 
Rodrigue Island ...|Indian Ocean| 1 45| 6 |/Sligo Bay............/Ireland ......! 5 18 113 
Roque, (Cape S.)..|Brazils ...... 10 ||Slyne Head .........|IrelandWCo.| 4 30| 134 
Rotterdam ........./Netherlands.| 3 45 Smerwick  .........|[reland ...... 3 50) 113 
ROUEN ..-000---eerees/ FIANCE seeeee be ie Sofala River.........|Africa, E,Co| 4 0} 19 
Royal Har., Rustan Bay of Hond.| 7 45) 33'lSouthampton .... |England... re ye 13 
Rush (Port).........(Ireland ...... 6 8 5} 12° 4 
Rye Bay .s.ee-+----(England......(11 20] 22 ||Southwold .........|England....../10 20 63 
Spain, (Port) ....../Trinadad ...) 4 30} 4 
S Spurn, Point ......|FEngland......] 5 26) 183 
. Staten Island ....../T'rr.delFuego| 4 30] 8 
Sable (Cape) ......|Bay of Fundy| 8 30] 9 ||Stephen (Port) .. |Austral.ECo.| 9 0} 6 
Sable Isld., N. Side Nova Scotia.| 7 30) 4 ||Stephen (Port) .../Falkland Ils.| 7 45) 7} 
Sable Isld., S. Side Nova Scotia.| 6 30) 4 |Stirrup Cay.........;|Bahamas ...} 7 0] 4 
Saintes ......0ee6e.\Caribbn Sea} 6 45 Stockton (Tees) .../England......| 4 40) 11 
Salcombe .........|England...... 5 41! 15 |Stonehaven ........./Scotland .,| 1 10) 14 
Saldanha Bay ......,Africa,W.Co.| 2 0| 6 |\Stornoway ........./Scotland ...| 6 46) 1é 
Salem ..+....++e0eee-/UnitedStates|}1 13) 03)\Strangford Bar ...|Ireland ......\10 53) 14 
Saltees ............/St. George’s Strangford Quay ...|Ireland ......12 31) 103 
Channel...| 5 40 Stromness ........./Orkneys .... 9 6} 10 
Salvador, San(Port) Falkland Ids.| 8 10} 8 |\Suez Bay ........... [Red Sea......, 2  O} 6 
San Blas ............;MexicoWCo.| 9 41} 63 Sunderland ......... England......| 3 22) 143 


Places. Situation. 


UDO AIDY cnesccvecsec|t PIU os seseses 
Surat eocebcore seccee Hindos. WCo 
Surinam ....,.......;auayana 
Swan River.........| Austra. WCo. 
Swansea ....000..-..| Wales 
Sydney... ....-......|Austral. ECo. 
Sydney Harbour ...|Cape Breton. 


T. 


Table Bay .........|Africa, W.Co. 
Taichow Island ...|China, E.Co. 
Talcahuano .........|Chile ...... .. 


TABLE LVII. 
TIMES OF HIGH WATER. 


Times. |Rise. 


50 


DOA RAP 


— 


m.| Feet. 


— 


|Vincent, (Port St.) 


AMAr POT cecceee. 
Tamareed 
Tamatave 


.|Ma gellan Str. 


.|Madagascar.. 


Tangtang Harbour Madagascar. . 


EGBDA .caceses 
Tappanooly Harb.. 
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